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on tough jobs— like 


rolling a double-lead Stub Acme thre ad —may be easier 


than you think. Olson Mfg. Co. needed only a muimor 
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Rolling three threads (drawing, right) in two — on a 6-spindle automatic meant cost savings for Olson 
Mfg. Co., Worcester, Mass. The Acme thread however, posed prob lems. American Brass specialists sug- 
gested minor modification of standard Ana onda Free-Cutting Brass Rod to provide the extra duc tility needed, 


rhe idea worked and the resulting valve spindle is shown above. about 1% times actual size. 


—or maybe you need a different alloy rod. 
The tiny connectors, right, have to be ma- 
chined from .078” rod, requiring many pre- 
cision form-cutting, drilling, slotting opera- 
tions. So machinability is a vital property of 
the rod used—but so are idequate electrical 
conductivity, high strength, and fatigue re- 





sistance 

Cannon Electric, Los Angeles, makers of 
these electrical plug issemblies, had to find 
1 rod with a delicately balanced combina- 
tion of mechanical properties to provide the 
unfailing and continuous performance re- 
quired. They found it in Anaconda Free-Cut- 
ting Ph sph xr Bronze-610 Rod, deve loped by 
Ame rican Brass metallurgists to combine the 
strength resilience fatigue resistance of 
phosphor bronze ind machinability ap- 
proaching that of free-cutting brass. 


EETING the joint requirements of designers, manufactur- 
M ing men, and buyers—to achieve high quality and per- 
formance while simplifying fabrication and cutting over-all ’ AN, AC {  ~O N [) A 
costs—is an important function of American Brass technical nal 
specialists. For imaginative and practical help of this kind, COPPER - BRASS - BRONZE 
see your American Brass Company re presentative or write: NICKEL SILVER - MILL PRODUCTS 
The American Brass Company, Waterbury 20, Conn. In Can- Made by The American Brass Company 
ada: Anaconda American Brass Ltd., New Toronto, Ont. — ss 
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World’s smallest Monel shaft 
delivers model performance 


When radio-controlled Polaris sets out 
for a run on the Buffalo River, she’s 
every inch a working tugboat. Although 
she’s only 34 inches long, the river is as 
rough on her as it is on life-size boats. 
Take her shaft, for example. Her tiny 
engine delivers brutal shocks to it. 
Then, when choppy water lifts her stern 
into the air, the propeller revs up 
wildly. And big boat or small, when a 
propeller hits a piece of driftwood— 
it’s trouble. 
Like so many of her bigger sisters, 
Polaris was originally equipped with an 
ordinary metal shaft. And also like so 
many of her bigger sisters, she used to 
bend up her shafts. They just couldn’t 
take it. 


That's when Polaris’ owner equipped 
her with a Monel* nickel-copper alloy 


shaft. It’s probably the world’s smallest 
... just over 4% inches long, only % 
inch in diameter. It’s extra-strong— 
withstands engine torque. Extra-stiff — 
shrugs off whip. Extra-hard—stays 
smoother longer. And, highly corrosion- 
resisting. 

This application of Monel alloy is 
small, in terms of quantity. But its sig- 
nificance is as big as you make it. That’s 
why we ask... 


Do you have a metal problem? One 
where corrcesion, abrasion, high or low 
temperatures, stress or fatigue is caus- 
ing you trouble? Let’s talk it over. 
There’s a very good chance one of the 
Inco Nickel Alloys may be able to give 
you the model performance you've 
been looking for. Why not set up a 
date to discuss it. 


=e , scl 
Owner-builder H. H. Larkin, Jr. indicates 
Monel shaft on Polaris. When the makers 
of Veco Products Corp. Kits heard of Mr. 
Larkin’s experience, they switched to Monel 
alloy for all their shafts. 


*Registered trademark of The International Nickel Company, Inc. 


The International Nickel Company, Inc. 
67 Wall Street »4, New York 5, N. Y. 
Inco. 
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NICKEL ALLOYS PERFORM BETTER LONGER 
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IN MATERIALS 


..- AT A GLANCE 


A new low temperature polyethylene copolymer is reported to have outstand- 
ing low temperature toughness. Garbage cans molded of the material and tested 
at 10 F have withstood crushing by a 16-ton truck without damage. The polyethylene 
can easily withstand 6-ft drop tests at —10 F. The injection molding grade now 
available has a density of 0.935 gm/cu cm and a melt index of 8 gm/10 min. In 
comparison with existing polyethylenes of similar plastic flow, the material is also 
said to have five times greater flex life and superior stress cracking resistance. 
Though its composition has not been revealed, the material is said to be radically 


different from previously announced ethylene copolymers. 
Source: Union Carbide Plastics Co., Div. of Union Carbide Corp., 30 E. 42nd St., New York 17. 


Large nickel parts with overall dimensional tolerances of +0.0005 in. have 
been produced by a new fabricating technique called “electrolytic casting.” The pro- 
cess is similar to electroforming in that it works by electrodepositing nickel or 


other metals on a mandrel. (More details next month.) 
Source: C. L. Dunean, 2675 Candler Rd., Chamblee, Ga. 


Relatively non-brittle, heat resistant cermets have come out of the develdp- 
ment of a new method fer combining ceramics and metals. The method works as 
follows: 1) a metal layer and a ceramic layer are flame sprayed on a rotating disk; 
2) after cooling the ceramic-metal layer is crushed into small grains with each 
grain retaining the laminated ceramic-metal structure; 3) the grains are then hot 
pressed in a graphite mold at 2200 F. The resulting cermet is said to be considerably 
less brittle than ceramics because the metal layer provides “slippage” for the 


ceramic layer. 
Source: Prof. F. R. Shanley, University of California, Los Angeles. 


Color controlled polystyrene molding compounds are now commercially avail- 
able. Color is controlled by a series of electronic instruments and computers that 
take into account the three color variables of hue, purity and value. Heretofore, 
color of plastics compounds was controlled by visual methods, Data supplied with 
each shipment verifies that the color of the compound matches that of past 


shipments. 
Source: Monsanto Chemical Co., Plastics Div., Springfield, Mass, 


Two magnesium casting alloys for high temperatures have been developed. 
One is a rare-earth-silver-zirconium alloy called MSR that is said to have the highest 
yield strength of any magnesium casting alloy yet developed (25,000 psi). Other 
characteristics of MSR are good tensile properties at temperatures up to 500 F 
and good short-time creep strength at 400 F. The other new alloy is a rare-earth- 
zirconium alloy called EK31XA that is said to have excellent tensile strength 
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properties at temperatures up to 600 F. Both alloys have good resistance to stress 


corrosion cracking. 
Source: Magnesium Elektron Inc., 630 5th Ave., New York 20 (MSR) and Dow Chemical Co., Midland, Mich. (EK31XA). 


A new corrosion inhibitor has successfully been used to dry out and return a water- 
soaked electric motor to operating condition in less than 15 min. The inhibitor, 
composition of which has not been revealed, can also be used to remove rust and 
contaminants from metals, plastics and painted surfaces. 


Source: Corrosion Reaction Consultants, Inc., Philadelphia. 


Two high temperature columbium-base alloys, now commercially available, have 
been developed for use in rockets and missiles. One is a columbium-zirconium alloy 
with a melting point of 4350 F and a density of 0.311 lb per cu in.; the other is a 
columbium-tantalum-zirconium alloy with a melting point of 4550 F and a density 
of 0.371. 


Source: Fansteel Metallurgical Corp., North Chicago, Ill, 


Electronic equipment 1000 times smaller and lighter than anything now in 
existence may come out of the development of a new method for growing germanium 
crystals. The method is said to grow thin, flat strips of germanium in the exact 


form in which they are used in electronic devices. By using the crystals in a telemetry 
subsystem the number of parts were cut from 14 to 1 and soldered connections 


from 15 to 2. 
Source: Westinghouse Electric Corp., Box 2278, Pittsburgh 30. 


Flexible fluoride films show promise as high temperature electrical insulations on 
copper, aluminum and other metal wires. The insulating films are formed by exposing 
metal to oxidizing carriers of fluorine such as hydrogen fluoride or elemental 
fluorine at temperatures from 500 to 1100 F. The resulting fluoride films have high 
electrical insulating values at temperatures up to 900 F and have good resistance to 
oxidation at temperatures above 1100 F. They do not hydrate or dissolve on exposure 
to high humidity and do not break down on exposure to 450 v at 900 F. (More 
details next month.) 


Source: Bell Telephone Laboratories, 463 West St., New York 14. 


A nickel-base alloy for use with molten fluoride salts and other corrosive chemi- 
cals is now being produced on a developmental basis. An outstanding characteristic 
of the alloy is its good resistance to embrittlement after continuous exposure to 
temperatures up to 1600 F. The alloy also has good oxidation resistance at tempera- 


tures up to 1800 F. (More details in a forthcoming issue.) 
Source: Haynes Stellite Co., Div. of Union Carbide Corp., 420 Lexington Ave., New York 17. 


Silicon carbide foam is said to have excellent thermal insulating properties at 
temperatures up to 4000 F. The material, now in pilot plant production, can be 
machined easily with standard steel cutting tools, and can be fabricated into 
complex shapes at close tolerances. The self-bonded insulation is highly resistant to 


most corrosive chemicals and some molten metals. 
Source: Carborundum Co., Research & Development Div., Niagara Falls, N. Y. 


Turn to page 115 for more “What’s New in Materials” 
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News about 


B.EGoodrich Chemical ror masse 


- 


ional 


Fume diffusers are fabricated by Electro-Chemical Products Company, Cleveland, 
Ohio, of sheets of rigid Geon made by Seiberling Rubber Company, Newcomerstown, 
Ohio. B.F.Goodrich Chemical Company supplies the Geon polyvinyl material only. 


FUME DIFFUSERS TOOK A LICKING FROM CORROSION 


... till the cones were made from GEON 


HESE cones of Geon rigid vinyl 

show how you can solve corro- 
sion problems. They are used to 
diffuse hydrofluoric and chromic acid 
fumes in a chemical plant, where 
cones of metal and other plastic 
were tried first. 

Geon rigid vinyl solves corrosion 
problems— because it withstands 
acids, oils and many hydrocarbon 
chemicals. Geon also provides for 
accuracy in fabrication. For example, 
the sheet of rigid Geon from which 
these cones were made was machined 
to extremely close tolerance—.003 
inches for the slots—to give the cones 
the exact design for most efficient 


B.EGoodrich 


fume dispersion. 

Products of versatile Geon poly- 
vinyl materials can be made in rigid 
form, rotationally cast, slush molded, 
calendered, extruded or blown into 
foam form. Applications range from 
solving all types of corrosion prob- 
lems from piping to ductwork, to 
coatings for paper, metal and other 
materials. 

For information on Geon poly- 
vinyl raw materials, write Dept. 
AR-2 B.F.Goodrich Chemical Com- 
pany, 3135 Euclid Avenue, Cleveland 
15, Ohio. Cable address: Good- 
chemco. In Canada: Kitchener, 
Ontario. 


eee 
“ ~ 
* - 


Polyvinyl Malewals 


B.F.Goodr 


fox 


a division of The B.F.Goodrich Company 


GEON polyvinyl! materials « HYCAR rubber and latex 


GOOD-RITE chemicals and piasticizers * HARMON colors 


For more information, turn to Reader Service card, circle No. 376 
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B.EGoodrich 


If it sweats, rattles, shakes or leaks... 


. it shouldn’t! And if you ask B.F.Goodrich, it 
won't! B.F.Goodrich, as the largest producer of 
sponge rubber and cellular plastic, makes special 
or standard parts for insulation, flotation, shock- 
absorption, sealing, cushioning and vibration 
damping. And all this can be accomplished under 
practically every condition you can think of. 


So get the advantage of the experience that has 
put B.F.Goodrich cellular materials in hotels, office 
buildings, cars, trucks, planes, trains and ping pong 
paddles. Write The B.F.Goodrich Company, 521 
Derby Place, Shelton, Connecticut. Or, if your 
problem needs immediate discussion, ask for 
Cellular Engineering, REgent 5-4661. 


B.E Go O drich industrial cellular materials 


For more information, turn to Reader Service card, circle No. 516 
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Aluminum rifle is easy to handle 

Light weight, corrosion resistance and ability to 
be anodized in a variety of colors are the reasons 
given for the use of aluminum in a new slide action, 
.22 caliber rifle. Aluminum is used for the receiver, 
trigger guard, butt plate, and jacket for the steel 
barrel liner. The rifile, said to be suited to both 
hunting and target shooting, weighs only 4 lb. 


Source: Aluminum Co. of America; rifle manufactured by Remington 
Arms Co., Inc. 


Nylon door hinge won’t squeak 

A one-piece nylon hinge that is said not to squeak, 
stick, shatter, embrittle, corrode or wear, is now 
available. The hinge can be molded to meet any 
requirements of color, shape or finish; it can be used 
for doors, luggage and furniture; and it is especially 
suitable for shipboard applications because it resists 
salt water. Major advantages: self lubricating prop- 
erties, high impact strength and low coefficient of 
friction. 

_ American Plastics Corp., Div. of Heyden Newport Chemical 


Titanium tubing replaces glass in heat exchanger 
A saving of over $1500 in yearly maintenance cost 
has resulted from the switch from glass to titanium 
tubing in a cold water heat exchanger used to cool 
sodium hypochlorite. Previously, 2400 ft of 2-in. 
dia glass tubing were used. However, excessive 
breakage, shutdowns, labor costs and contamination 
dictated a change in materials. Welded titanium 
tubing, fabricated by a special technique, solved the 
problem. Titanium tubing used has a 5%-in. o.d. and 
a 0.020 in. wall. Cost is about the same. 


Source: Alloy Tube Div., Carpenter Steel Co.; exchanger used by 
Kuehne Chemical Co. 


PVC piping best for plating operation 

The use of rigid polyvinyl chloride piping is said to 
have reduced costs and increased efficiency of a plat- 
ing operation in the production of mechanical fasten- 
ers. The piping is used to carry de-ionized water and 
hydrochloric, nitric, acetic and phosphoric acids under 
40 psi and 60-90 F. Polyvinyl chloride was specified 
(in preference to commonly used aluminum, rubber- 
lined metal and cast ferrous alloy piping) because it 
offers the required combination of characteristics: 


AT WORK 


..- AT A GLANCE 


1) corrosion resistance, 2) low cost, 3) light weight, 
and 4) elimination of galvanic or electrolytic action. 
In addition, it will not contaminate or discolor the 
acid solutions. 


Source: Tube Turns Plastics, Inc.; 
Lock Co. 


used by Fastener Div., National 


Stainless trim replaces brass on boats 

The switch from chromium-plated brass tubing to 
welded 302 stainless steel tubing has resulted in a 
25% cost saving in the production of hand rails and 
trim for small boats. Reasons given for the selection 
of stainless: it is easier to bend, requires less polish- 
ing, offers excellent resistance to marine corrosion, 
is less expensive, and will not flake or peel. Tubing 
used has a 1-in. o0.d. and a 0.049-in. wall. 


Source: Formed Steel Tube Institute; tubing used by Trojan Boat Co 


Acrylic bar illuminates TV dial without bulb 
Injection molded acrylic bars are replacing light 
bulbs in new television sets. The curved bars, which 
are snapped into place behind a dial, pick up light 
rays from a bulb used to illuminate another dial. The 
(continued on p 9) 





Briefs 


Organic dyes are expected to replace hyperpure 
silicon in solar electric batteries. Preliminary 
investigations indicate that higher efficiencies can 
be obtained. 


Drowning mice wil] have no straws to grasp in 
a new 12-lb steel trap that can catch up to 100 
mice with one setting. The mouse, enticed by the 
smell of food in an inaccessible chamber, passes 
through a series of ramps and dumping mech- 
anisms until it is finally dropped (by its own 
weight) into a water chamber. 


Nylon hyperdermic syringes, a new British 
development, are said to be strong, long wearing 
and unbreakable. Another major advantage: 
plunger and barrel are replaceable when worn. 














Look at the variety and versatility 
of these shapes, then take a closer 
look at your product. Maybe it 
could be made faster, better and at 
a lower cost with Van Huffel shapes 
. .. roller die, cold formed to any 


lengths from a wide variety of 
LIKE THESE metals: hot or cold rolled steel, 
stainless steel, high strength steels, 


ans Riad Sl mpl ify des Lg Nn, coated steels, copper, brass, alumi- 


Siena increa se production, num, etc., from coiled strip ¥2” to 
33” wide; in gauges from .003 to 
reduce cost / .312; from forming dies designed 


and built in our own plant. 


WRITE FOR THESE FREE HANDBOOKS 


32 page Welded Tubing 48 page handbook ex- 

Handbook, contains sizes, plains basic principles of 

gauges, tolerances and Roller Die, Cold Formed 

other engineering data in shapes and shows dozens 

handy reference form. of ideas that have taken 
shape. 


ANGLES & CHANNELS 


4) ven tute? tue coupestitinn+aueetn-dlite 


For more information, turn to Reader Service card, circle No. 446 


8 ¢ MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 








light rays are transmitted through a series of curves 
until they emerge from the end of the bar and back- 
light the dial. Acrylic was chosen because it 1) is 
easy to mold, 2) has excellent light transmitting 
properties, 3) is almost crystal clear, 4) has a smooth 
surface, and 5) will not conduct electricity. 

Source: Chicago Molded Products orp.; used in Motorola UHF TV. 
Ductile iron spools most efficient 

The switch to cast ductile iron has resulted in a 
20-30% cost saving in the production of spools used 
for stranding steel wire. Two spool sizes are in- 
volved: the 5-in. spools, previously made of machined 
carbon steel, had crevices where the flanges joined 
the spool barrel, and frequently a wire would snag 
and cause production delays and wire waste. The 
9-in. spools, previously made of cast malleable iron, 
were too weak. 

Source: T, B. Wood's Sons Co.; 
Sons Co. 


spools used by John A. Roebling’s 


Glass-silicone breaker strips resist 500 F 

A glass-silicone laminate has solved a difficult heat- 
insulating problem in the design of breaker strips 
used around door openings of environmental test 
chambers. The chamber generates temperatures 
ranging from —125 to 500 F, and humidities ranging 
from 20 to 95%. The glass silicone laminate, which 
replaced a previously used paper-base phenolic lamin- 
ate, was selected because it has nearly twice the 
heat resistance and about three times more resistance 


to water absorption. 
Source: Taylor Fibre Co.; chambers made by Webber Engineering Corp 


Iron powder part reduces costs 

Higher strength, closer tolerances and lower costs 
are the advantages claimed for the use of a single 
iron powder metal part instead of the three steel 
stampings, one screw machine part and two rivets 
previously used in the coin assembly of a vending 
machine. In addition to reducing the number of 
components, the metal powder part also eliminates 
these secondary operations: milling, drilling, tapping, 
riveting and assembling. 

Source: Amplex Div., Chrysler Corp.; part used by Lehigh, Inc. 
Flat fluorescent lamps on the way 

Thin, rectangular glass plate may some day replace 
conventional tubular fluorescent lamps. The fluores- 
cent light is produced when an arc or electric dis- 
charge traverses a labyrinth sealed within the glass. 
A typical experimental model measures 24 X 8 X 1 
in. thick. 


Source: Westinghouse Electric Corp. 
(more Materials at Work on next page) 


for 


Custom Plastics 
Extrusions 


consult 


YARDLEY 


=“ 


TUBING 


Special shapes or stand- 
ard, rigid or flexible, in 
diameters from %” to 
16”. Our engineers have 
developed advanced tech- 
niqres that can save time 
and money on the right 
shape for your specific 
needs, 


SPECIAL SHAPES 


We extrude any shape in a variety 
of formulations to meet a wide 
range of design and performance 
requirements. Our complete tool 
and die shop is staffed with skilled 
technicians. We maintain a li- 
brary of more than 400 section 
dies, one of which may fit your 
product design. 


FABRICATED PARTS 


We shape, flatten, curve, swedge, 
drill and perform other fabrica- 
ting operations to make plastic 
parts ready for your production 
lines. Close tolerance, absolute 
uniformity, dimensional stability 
and high-gloss finish are standard 
production requirements at 
Yardley. 


Write for Bulletin 180 — and for 
prompt quotation send us your prints 


YARDLEY PLASTICS CO. 


140 PARSONS AVE., COLUMBUS 
For more information, turn to Reader Service card, circle No. 505 
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Siz case histories show how 


Wire assemblies cut costs, 
improve design Wire and wire strip assemblies 


are becoming increasingly popular 
with engineers and designers be- 
cause of their strength, adapta- 
bility, resiliency, light weight, dur- 
ability, low cost and attractive 
appearance. The accompanying 
case histories, supplied by E. H. 
Titchener & Co., illustrate many 
of these advantages. 

Currently available wire diam- 
eters range from 0.035 to 0.375 in. 
Ferrous metals used _ include: 
basic steel (most widely used), 
galvanized steel, Bethanized steel, 
coppered or tinned steel, spring 
wire, stainless steel, Copperweld, 
Nickelply and Copperply. The 
most widely used _ nonferrous 
metals are: copper, brass, bronze, 
nickel silver, aluminum and monel. 
Available finishes include: electro- 
plating (especially nickel, chro- 
mium, brass, cadmium and zinc), 


Uniflow Mfg. Co. : . 
enameling and lacquering. 


Shelf used to support bottles in a beverage cooler-dispenser. Original mate- 
rial: expanded metal welded to angle and band steel. New material: 0.16-in. 
steel wire spiral welded to 6 radial supports and a Z-frame hoop. Reasons 
for change: excessive costs; material not easily available; unit had to be rein- 
forced to support required 200-lb load. Advantages of wire assembly: 15% 
weight reduction; greater strength (reinforcement unnecessary). Cost: ap- 
proximately $1.20 less per unit. 


Westinghouse Electric Corp. 

Motor mount and guard for a 
transformer cooling fan. Original 
material: strip steel, a wire frame, 
and a heavy cast rim. New mate- 
rial: 1/4 and 5/16-in. welded steel 
wire. Re asons for change : excessive 
weight; high cost; inability to obtain 
close tolerances. Advantages of wir 
assembly: weight reduction of about 
44% (from 24 to 13% Ib); im- 
proved appearance; closer tolerances. 
Cost: reduced by about 65% (from 
$11.00 to $3.85 per unit). 
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Holster for electric tool. Original material: are welded steel tubing. New 
material: steel wire, small round stampings. Reasons for change: excessive 
cost; inflexibility. Advantages of wire assembly: design fits several types of 
tools; 10% weight reduction. Cost: reduced by 66%. 


— 


: 
= 
= 
= 
= 
= 
= 
= 
= 
= 


. 
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Pfaudler Co. 
Belt guard used on process machinery. Original 
material: spot welded sheet steel. New material: International Business Machines Corp. 
0.12-in. bright steel wire. Reasons for change: Time card rack. Original material: 
unattractive appearance; poor air circulation; resistance welded sheet steel. New 
poor access for inspection and maintenance. Ad- material: a small amount of sheet 
vantages of wire assembly: better air circulation; steel; narrow strip steel; and 0.11- 
improved appearance; ease of inspection; 15% in. resistance welded round steel 
weight reduction. Cost: reduced by 20%. wire. Reasons for change: elimina- 
tion of sheet steel. Advantages of 
wire assembly: reduced weight (from 
a 6 to 4 Ib); considerably reduced 
Bracket used to hold two-way radio sheet metal requirements; ease of 
plugs on chassis. Original material: spray painting; improved strength 
six parts—spring steel mounting and durability. Cost: materials cost 
clip, stamped mounting plate, screw- same as original but tooling and 
machined hex-threaGed spacer, a maintenance costs considerably re- 
screw, and two lock washers. New duced. 
material: two spotwelded pieces of 
3/8 x 1/16-in. cold rolled steel strip. 
Reasons for change: complicated as- 
sembly; excessive cost. Advantages 
of wire assembly: reduced manufac- 
turing time; 50% weight saving; 
simple assembly. Cost: reduced by 


oof 
4o%e. 








4EATBEA TAS 


© 
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304L stainless tubing 


helped Atlas into orbit 


The switch from 304 stainless steel seamless tubing to 304L seamless tub- 
ing (lower carbon content) is said to have been an important factor in the 
successful launching of the Atlas missile. 


The tubing, part of a telemetering bulb (see photo above), had to with- 
stand severe vibration fatigue at temperatures ranging from —80 to —380 F 
in an inert helium gas atmosphere. According to Lewis Engineering Co., the 
original 304 stainless tubing cracked; 304L met all requirements. 





Many materials, processes used in 


World’s fastest jet plane 


The Lockheed F-104 Starfighte 
shown below has set nine world 
records: 1) speed—1404.09 mph; 2) 
91,243 ft; and 3) time to 


records for 3000, 


altitude 
climb 
6000, 9000, 12,000, 15,000, 20,000 ar d 


seven new 


25,000 meters. Described by Lockheed 
Aircraft Corp. as a “lightweight” 
fighter, the plane measures 12 ft, 6 
in. in height, 54 ft, 
and has a 24 ft, 11l-in. wingspan. 

Lockheed, the plane 
is designed to be light in weight; 


9 in. in length, 


According to 


low cost; fast; maneuverable; and 
capable of mass production, fast 
assembly breakdown and easy ac- 
cessibility. The many different engi- 
neering materials used in the plane 
are listed in the box on p 189. In 
addition to proven manufacturing 
techniques, the following fabrication 
innovations contributed to the plane’s 
development: 

Extrusion of integrally stiffened 
aluminum panels—To produce light- 
er, more efficient and smoother sur- 


faces for air-intake ducts, Lockheed 
uses extruded integrally stiffened 
aluminum panels which are contoured 
into the desired shape by stretch 
forming. The accompanying set of 
photos (Fig 1) show the aluminum 
extrusion before and after it is 
stretch formed. The original extru- 
sion is slit, flattened by biaxially 
stretching, and then stretch formed 
to the final configuration. Chem 
milling is then used to reduce the 
gage of the material because suffi- 
ciently thin material cannot be pro- 

(continued on p 189) 


This article is based on an entry in M/DE’s 


recent “Best Use of Materials’’ competition 





ViORE MA 
Phenolic laminate makes 
best washer 
Large missile ducts made of 
stainless alloy 
Auto parts are now 
vacuum metallized 
Largest graphite exchanger.... 


Tinplate cuts cost of 
sanding tool 


Carbon, graphite blocks 
used in acid towers.......... 


Magnesium luggage 

Hastelloy, carbon steel cut 
process unit cost 

Molded plastics impeller 
replaces cast bronze. . 








RCI EPOTUF 
EPOXY RESIN 


“It has been essential in development of our transistorized 
warning light’ — R. E. Dietz Company, Syracuse, N. Y. 


Since 1840 the Dietz Company has lighted America — 
with everything from kerosene lamps to auto 
headlights. In developing a new compact warning 
signal light, the company was faced with the problem 
of protecting the circuitry. They needed a 

material with strength, low potting 

temperature, waterproof and non-conducting 
properties. Reichhold EPOTUF Epoxy 

met every specification. For 

superior insulation of miniaturized 

components, investigate 

RCI EPOTUF Epoxy Resins — 

REICHHOLD CHEMICALS, INC., 

RCI Building, White Plains, N. Y. 


 — 


on, i REICHHOLD 


Your Partner in Progress 
REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 


Synthetic Resins « Chemical Colors « Industrial Adhesives * Phenol « Hydrochloric Acid * Formaldehyde « Glycerine « Phthalic Anhydride * Maleic Anhydride 
Sebacic Acid « Ortho-Phenylphenol * Sodium Sulfite * Pentaerythritol « Pentachlorophenol * Sodium Pentachlorophenate ¢ Sulfuric Acid « Methanol 


For more information, turn to Reader Service card, circle No. 401 
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OVER 2700 PLANTS 


are saving money with 


WHISTLER DIES 


ee 


MAGNETIC PERFORATING DIES 
All parts reusable and interchangeable. Punches and dies stocked in 
.001” increments from .100” thru .500” dia. Larger sizes available. 


ADJUSTABLE PERFORATING DIES 
All parts reusable and interchangeable. Punches and dies stocked in 
.001” increments from .100” thru .500” dia. Larger sizes available. 


manufacturer of ail types of 
CUSTOM DIES for over 40 years 


S. B. WHISTLER & SONS, INC. 
741 Military Rd., Buffalo 23, N.Y. 


Mail the following: (| Magna-Die Catalog [ Adjustable Die Catalog 
More information on custom die work 


For more information, turn to Reader Service card, circle No. 472 


14 ¢ MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 





More informative ads 


To the Editor: 

Recently, we had occasion to contact several of 
your advertisers who indicated they could furnish 
plastic materials. Upon writing to three firms who 
advertised plastics to see if they could furnish parts 
as per our drawings, it was found that these firms 
were only materials suppliers (and that in large 
quantity) and could not fulfill our requirements. 
This caused some delay in finding a suitable source 
for the fabrication of our parts. 

I think your advertisers could assist us greatly 
if they would indicate whether they are a materials 
supplier only or also fabricate finished parts. 

While on the subject of advertisements, I would 
like to make a few more comments. I prefer more 
technical information, such as physical or chemical 
properties and specifications. The ads which use 
such nebulous terms as “lighter, stronger, wear re- 
sistant” leave me out in the cold. I want to know 
how much lighter, stronger, or wear resistant, and 
also, lighter or stronger than what? Machines are 
designed on the basis of numbers, not adjectives. 
If the numbers are not there, I am forced to go to 
a source which does supply the numbers. 


CHARLES EUMURIAN 
Principal Engineer 
Mechanical Div. 
General Mills, Inc. 
Minneapolis, Minn. 


Advertisers please note. As for readers, we suggest 
using the Directory Section of M/DE’s Materials 
Selector reference issue, where suppliers of materials 
and fabricators of parts are clearly differentiated. 


Unified science of materials 
To the Editor: 

Your timely editorial entitled “The New Unified 
Science of Materials,” Feb ’59, has been brought to 
my attention. I am enclosing an article that I wrote 
recently for the Journal of Metals which expresses 
the same viewpoint. 

The difficulty in getting acceptance of our view- 
point from those traditionally interested in materials 
is that the orientation of both the professional 
societies and the educational curriculum has been 
toward the materials producer rather than the user. 
It is not enough to merely point out that there are 
more materials-conscious people in user companies. 
Those engaged in education must also be able to 
attract first-class people to a materials department 
or materials curriculum. 

Very few of our young people realize how im- 
portant materials are to society, nor do they rec- 
ognize the challenging opportunities to be met in 
the development and use of materials. The science 





CLEANERS 


The JET series was developed to fill the need for economical, 
efficient, low-foaming spray cleaners to be used on zinc, 
copper, brass or steel. 


@ JET CLEANERS step-up the efficiency of your spray 
cleaning equipment, even at low temperature. 


@ Reduce overflow loss with new-foaming formula (no 
silicones or troublesome chemicals), permitting wider 
range of concentration. 

Carry heavier dirt load without redeposition. 
Remove all types of soil. 
Are harmless to rack coatings and equipment. 
Non-toxic, dust-free, non-caking. 

Kemembor —YOUR COST 


PER FINISHED ARTICLE (5 THE Offer better results at lower cost. 
TRUE COST OF YOUR CLEANER @ Are effective Rust Inhibitors. 





Licensed Manufacturers: 
ALERT SUPPLY CO. - LOS ANGELES, CALIF,e ARMALITE COMPANY, LTD - TORONTO, CANADA 


For more information, turn to Reader Service Card, circle No. 424 
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Fasson Self-Adhesives Offer You 
5 Practical Advantages! 


EASIER TO APPLY—Saves Labor! 

1 Requires no special skills! Simply remove 
the backing paper and press into place. 
NO SPECIAL TOOLS OR EQUIPMENT—Saves Investment! 
Fasson materials apply quickly, easily! Adhe- 
sion is instant. No slippage, cleaning up! 
ELIMINATE COSTLY STEPS IN PRODUCTION—More Profit! 
No drilling, tapping ,fasteners or glue pots 
required. Speeds assembly, cuts costs! 
WIDE RANGE OF MATERIALS—One Reliable Source! 
Available in Mylar* laminates, foils, vinyls, 
polyesters, acetates and papers. 
SUPERIOR QUALITY—Look Better, Last Longer! 
Manufactured under the most careful qual- 
ity control insuring the highest standards 
and uniform quality. 

* Mylar is a DuPont Polyester Film. 


It will pay you to investigate Fasson self-adhesive 
materials . . . They’re ideal for all kinds of name- 
plates, emblems, kickplates, decorative trims, 
panels, instruction labels, diagrams . . . to mention 
a few. The materials can be die cut in any shape 
or size . .. embossed, hot stamped, or printed with 
conventional equipment. 


Write Today for Free Samples and Descriptive Brochure. 


Send requests to Dept. T-6 


la Fasson 


A Division of Avery Adhesive Products, Inc. 








Products 


of materials is difficult to make glamorous via the 
printed page. Young people of talent are more at- 
tracted to science because of the idea that the 
future of the world depends on it many are at- 
tracted to electronics because it is a branch met 
every day by the young adolescent. 

Another point is that the greater part of re- 
search and development is now done by the materials- 
consuming rather than the materials-producing in- 
dustry. We recently had a survey made of the pub- 
lished literature in the professional journals of 
science and engineering and found that with the 
exception of two glass companies, no leading ma- 
terials-producing company did a substantial amount 
of research in either ceramics, metallurgy, polymer 
science, semiconductor technology or solid state 
physics, as measured by the numbers of scientific 
papers they published. 

The industrial leaders in research in such fields 
are companies like General Electric, Westinghouse, 
and American Telephone and Telegraph, companies 
which must have exceptional materials if their 
products are to be competitive. Companies of this 
type, being materials consumers, benefit most from 
materials innovations. Innovation from the mate- 
rials-producer point of view, on the other hand, 
usually displaces already profitable businesses. 


J. H. HOLLOMON, Manager 

Metallurgy and Ceramics Research Dept. 
General Electric Co. 

Schenectady, N. Y. 


Welded steel tubing 


To the Editor: 

In your Apr ’59 issue, p 10, standard sizes of 
welded steel tubing should have been stated as fol- 
lows: cold rolled carbon steel, from %-in. o.d. (walls, 
0.083 to 0.028 in.) to 6-in. o.d. (walls, 0.120 to 0.065 
in.) ; hot rolled carbon steel, from %4-in. o.d. (walls, 
0.095 to 0.065 in.) to 6-in. o.d. (walls, 0.259 to 0.065 
in.). Other sizes can be obtained on order and are 
produced by cold drawing. 

Also, the last sentence of the “Towers” caption 
should have read: “By using welded steel tubing, 
tower manufacturers found they can build any shape 
tower—triangular, square or round—without sacri- 
ficing wind load properties.” The published caption 
incorrectly implied that the tubing could be triangu- 
lar or square. 

JEHU R. DERRICKSON 
Executive Secretary-Treasurer 
Formed Steel Tube Inst. 


4 


Elmwood 2-4444 °* 250 Chester Street °* Painesville, Ohio Cleveland, Ohio 


For more information, turn to Reader Service card, circle No. 512 
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Where other materials fail 
our work begins... 


The world's most 


NEARLY PERFECT 
electronic insulation 
materials......... 


Whatever your high temperature needs—to 1550°F—there is a Mycalex in- 
sulation to meet them . . . each offering a unique combination of special ad- 
vantages for electronic design: the plus factors of the inorganics and the 
design latitudes of the organics! 


MYCALEX® glass-bonded mica—formulations of high quality natural mica 
and electrical grade glasses, with high dielectric strength, total dimensional 
stability, high arc resistance, high temperature resistance. Depending on their 
formulation, they can be machined or molded to exacting tolerances, inserts 
can be permanently molded in or cemented in—the thermal expansion of 
MYCALEX being close to that of stainless steel. 


SUPRAMICA® ceramoplastics — advanced formulations of synthetic mica 
and high temperature glasses, created for insulation applications at operating 
temperatures up to 1550°F. They have a thermal expansion coefficient close 
to that of stainless steel. They are available in moldable or machinable types 
... both offering total dimensional stability. 


SUPRAMICA 655 — Precision - molded 
insulation, for operating temperatures 
to 700°F. 

SUPRAMICA 5860 — Precision - molded 
insulation, for operating temperatures 
to 932°F. (500°C.) 

MYCALEX 410 —Precision-molded in- 
sulation, for operating temperatures to 
600°F. 

MYCALEX 410X—Lightweight preci- 
sion-molded insulation material. 


SUPRAMICA 600—Machinable insula- 
tion, for operating temperatures to 
850°F. 


SUPRAMICA 620—Machinable insula- 
tion, for operating temperatures to 
1550°F. 


MYCALEX 3865—Machinable insulation, 
for operating temperatures to 700°F. 


MYCALEX 400—Machinable insulation, 
for operating temperatures to 800°F. 


General Offices and Plant; 122-D Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 


WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS 
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FOR PRECISION-MOLDED PARTS 


FOR PRECISION-MACHINED PARTS 


MYCALEX 


CORPORATION OF AMERICA 





For more information, turn to Reader Service card, circle No. 417 








WHATEVER 
MATERIAL 
ADVANTAGES 
YOU NEED... 





Versatile A+ FELTS ... manufactured to precise en- 
gineering standards. . . serve industry in a thousand tested ways. 
They form wicks to deliver oil to bearings and shafts, ounce by 
measured ounce. They provide comfort and quiet in modern cars, 
sealing out the weather, cushioning sound and vibration. 

They are used in food packing plants, to filter syrups and con- 
centrates. You'll find them in vibration mounts for heavy equip- 
ment ...in decorative wall coverings . . . in optical polishing laps 

. and in postage meters. 

These remarkable materials, bearing the A+ hallmark, are 
made only by American Felt Company. Their performance is 
mathematically predictable. Their characteristics are consistent. 
And because we have made the use of felt our special science, we 
can engineer solutions to complex problems. Send us your design 
problem; our engineers will follow through promptly. Write: 
Engineering Dept., American Felt Company, 406 Glenville Road, 
Glenville, Conn. 


Among our famous trademarks: VISTE X—gaskets and seals; PARAFLOW 
—cartridge filters; ‘‘K’’ FELT—sound absorbing and thermal insulation 


YOU'LL FIND THEM 


IN 


For more information, turn to Reader Service card, circle No. 521 
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AND SUPPLY 


... AT A GLANCE 


Greater availability of ‘cleaner, tougher’ steels will result from the recent installation of 
two new consumable electrode vacuum arc melting furnaces. The furnaces, a 24-in. unit 
installed by Vanadium-Alloys Steel Corp. and a 20-in. unit installed by Latrobe Steel Co., 
will be used to produce highly refined tool steels, bearing steels, ultra-high strength steels, 
high temperature alloys and reactive metals. 


Consumption of plastics will quadruple in the next ten years, predicts Maurice Crass, Jr., 
secretary of the Manufacturing Chemists’ Assn. Mr. Crass further predicts that structural 
applications will increase sharply over the next few years and that by 1966 the amount of 
plastics for structural uses alone will equal that used for all applications in 1958. 


More zinc will be used in 1959 than was used in 1958, according to John L. Kimberley, exec- 
utive vice president of American Zinc Institute. Mr. Kimberley bases his prediction on 
the following: 1) use of galvanized sheet steel has increased sharply; 2) automobile 
production will be considerably higher in 1959 than it was in 1958; and 8) federal highway 
programs will require large amounts of zinc in the form of hot dip galvanizing for guard 
rails, culverts, bridges, tunnels, etc. 


Price of low density polyethylene has been increased 2¢ per lb for two formulations of 
natural material. New price is 35¢ per lb. 


Aluminum use could set a new record this year if present levels continue through the second 
half. Thus far, consumption is about 40% higher than it was at this point in 1958. To meet 
this increased demand, Alcoa and Reynolds Metals Co. have boosted annual production by 
40,000 tons and 30,000 tons respectively. 


Fibrous potassium titanate —a relatively new lightweight thermal insulation material—has been 
reduced $4.50 per lb by Du Pont. New price is $7.50 per lb. According to Du Pont, in the 
1300 to 2100 F range the material is “about twice as effective on a volume basis as any 
known thermal insulating material.” 


A new magnesium producer wil! enter the field in September despite the fact that both production 
and consumption decreased in 1958. The new producer, Alabama Metallurgical Corp., will 
have an initial annual capacity of 6800 tons. Dow Chemical Co., up to now the only U.S. 
producer, has an annual capacity of 83,000 tons. According to Dow, the competition will be 
“beneficial to both the magnesium industry and the nation.” Current price, 36¢ per lb, 
is expected to remain unchanged; however, a price cut may result if a third producer 
enters the field—and a longstanding rumor has it that one of the aluminum companies 
might do so. 


Price cuts on biaxially oriented polystyrene film and sheet materials were recently made by 
Plax Corp. Reductions amount to 3¢ per lb on all laminating, vacuum forming, pressure 
forming and general purpose grade materials from 0.001 to 0.020 in. thick. 


Price of an important paint constituent—phthalic anhydride —has been reduced 412¢ per |b 
by Monsanto Chemical Co. The material, now selling for 16144¢ per lb, is used in the 
production of alkyd and polyester paints, and a wide variety of plasticizers for vinyl and 
other thermoplastic resins. 
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two typical cases where MUELLER BRASS 


determined the best and most 


THE MAN FROM 
MUELLER BRASS CO. 


can give you sound, unbiased advice on the one 
best method of making your parts because Mueller FORGINGS 
Brass Co. is the only fabricator in the country 
offering all these methods of production. An ex- 
perienced “Methods Analysis Department” has at 
its command a complete knowledge of the advan- 
tages and limitations of each production process. 


This unique technical service is your assurance of 
getting the best product at the best price . . . made PLASTIC INJECTION 


the one best way. MOLDING 


MUELLER BRASS CO. 


20 *¢ MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 





CO. METHODS - ANALYSIS - SERVICE 


economical method of producing parts 


FORMED COPPER 
TUBE 


SAND CASTINGS 


POWDERED METAL PARTS 


Write today for engineering manuals 
covering all these production processes. 


PORT HURON 21, MICHIGAN 


For more information, turn to Reader Service card, circle No. 428 
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a complete range 
of brush materials for 
printed circuit applications. 





rT 


Because the correct choice of contact materials 
for use on printed circuits is wholly dependent 
upon such factors as type of circuit, circuit func- 
tion and mechanical design, the final selection of 
materials is generally obtained on an empirical 
basis. 

Baker engineers and metallurgists are pre- 
pared to offer very broad, specialized experi- 
ence, together with extensive records of perform- 
ance data that can be extremely useful to you. 
They will be pleased to assist in resolving your 
particular problems in this field. 

Baker-developed alloys and powdered metal 
products meet the full range of brush material 
requirements for printed circuit applications. 
Complete facilities are available here for reliable 
design and manufacture. Send for literature. 


‘ 


BAKER CONTACT DIVISION * 207 GRANT AVE., E. NEWARK 
HARRISON P.O.,N. J. 


BAKER 
fete), ay. \ous 





recognized 
leadership in 
the design and 
manufacture 
of slip ring 
assemblies. 


The country’s leading producers of electrical and 
electronic equipment look to Makepeace for the 
design and manufacture of slip ring assemblies. 

Slip ring design for particular applications de- 
pends upon the various electrical and mechanical 
factors involved. Thus, Makepeace has devel- 
oped many special alloys and combination of 
alloys to meet a wide range of requirements. Our 
engineers and metallurgists are thoroughly qual- 
ified in this specialized field and will be pleased 
to make recommendations on your particular 
problem. 

Complete facilities are available for the man- 
ufacture of slip ring assemblies ranging in diam- 
eter from 1” to 48” and larger—for General Pur- 
pose, Radio Frequency and Video Ring Circuits, 
High Speed Instrumentation, High Voltage Ring 
Circuits and Power Pulse Slip Rings. A slip ring 
data file is available—write for your copy. 


D. E. MAKEPEACE DIVISION * PINE & DUNHAM STREET 
ATTLEBORO, MASS. 


D. E. 
MAKEPEACE 


i ae WRITE FOR LITERATURE ae 


DOMESTIC DIVISIONS: AMERICAN PLATINUM @ SILVER DIVISION, AMERSIL 


QUARTZ DIVISION, BAKER CONTACT DIVISION, BAKER DENTAL DIVISION, BAKER SETTING DIVISION, 


BAKER PLATINUM DIVISION, CHEMICAL DIVISION, EAST NEWARK INDUSTRIAL CENTER, HANOVIA LAMP DIVISION, HANOVIA LIQUID GOLD DIVISION, IRVINGTON-BSAKER 


REFINING Division, O £ MAKEPEACE DIVISION NATIONAL eLectr 

COMPANIES ABROAD: ENGELHARD INDUSTRIES OF CANADA, LTD. TORONTO 
LONDON, ENGELHARD INDUSTRIES A. G. ZURICH, ENGELHARD INDUSTRIES PTY 
INDUSTRIE ENGELHARD &.F. A. ROME, ENGELHARD INDUSTRIES OF SOUT 
SOUTH AFRICAN FOREST INVESTMENTS LTO., SOUTH AFRICA, AZOPLATE 
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NSTRUMENT DIVISION, RESEARCH AND DEVELOPMENT DIVISION, H. A. WILSON DIVISION. 

ENGELHARD INDUSTRIES OF QUEBEC, LTD. MONTREAL, ENGELHARD INDUSTRIES, LTD. 
MELBOURNE, SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S. A. BOGOTA, 
JOHANNESBURG. ASSOCIATED COMPANIES: acme TIMBER INDUSTRIES LTD.. 
CHARLES ENGELHARD, INC., NUCLEAR CORP. OF AMERICA, INC., U.S.A. 





corrosion-resistant rupture | 
3 Pe ae 


discs for dependable ‘ paamanessi: 
instant and automatic  guageasess: 


relief of excess pressure 
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gold sail halion plating 
for corrosion-resistant 
surfaces 





ATOMEX® is a 24k gold immersion solution that 

permits the deposition of a thin, dense, uniform 
In pressurized apparatus subject to corrosive ac- layer of 24k gold on printed circuits and metal- 
tion, precious metal rupture discs provide the lized plastics by means of a simple bath. The 
safest, most accurate and dependable relief. Atomex procedure is more permanent and less 
Platinum, gold, and silver are now generally expensive than electroplating of comparable 
recognized as specifics when dealing with cor- thickness. Costly analytical control is unnecessary. 
rosion. Each is resistant to the corrosive effects Rhodium—ca complete line of plating solutions 
of an important group of liquids and gases and are also available for high-reliability electrical 
will remain unattacked under conditions that and electronic applications. Rhodium is highly 
would render many base metal materials use- resistant to corrosive atmospheres, oxidation and 
less. These rupture discs, depending on material arc erosion—reduces wear on moving surfaces— 
selected, are guaranteed to be burst + 5% of assures low noise level for moving contacts, no 
specified pressure. Intrinsic value adds to the oxide rectification, low and stable contact resist- 
original cost of these discs but the actual metal ance. Rhodium plating is indicated when a low- 
value is recovered, no matter how torn or bat- resistance, long-wearing, oxide-free contact is re- 
tered the discs may be. Send for Bulletin. quired. Send for literature. 


BAKER PLATINUM DIVISION * 113 ASTOR STREET CHEMICAL DIVISION * 113 ASTOR STREET 
NEWARK, N. J. NEWARK, N. J. 


BAKER 


at 


; NL. 
DIVISION SSELHWARD WDUSTRIES. / 
: yt & 


Ss: 
sanaeurive orerte® 


w JERSEY 
ASTOR STREET NEWARK 2. NE 
113 


For more information, turn to Reader Service card, circle No. 411 
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MARINER'S COMPASS, patented 1835 by Jonathan Ball, courtesy of The Smithsonian Institution 
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In every direction... 


Eastern stainless sheets and plates are available /ocally . . . through 
the industry's finest DISTRIBUTOR WAREHOUSE NETWORK. 
Contact your local steel service center for prompt delivery of in- 
stock Eastern stainless ... which may also include coils and strip... 


to meet production schedules and minimize your inventory, too. 


(o) EASTERN 
STAINLESS STEEL 


BALTIMORE 3, MARYLAND, U.S. A. 





World’s largest exclusive producer of stainless steel sheets and plates 


TTT 





P) 


For more information, turn to Reader Service card, circle No. 371 
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NAXTRA 


BEST LOW-ALLOY EXTRA-STRENGTH STEEL YOU CAN BUY 
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Now available, N-A-XTRA HIGH-STRENGTH 
is a low-alloy heat-treated steel, fully quenched 
and tempered. The minimum yield strength range 


of N-A-XTRA steel is from 80,000 to 110,000 psi. 


The great strength of N-A-xTRA (nearly three 
times that of mild carbon steels) gives designers 
the opportunity to eliminate costly dead weight 


from your products. 


N-A-XTRA is tough at normal and subnormal 
temperatures. It can be readily cold formed into 
difficult shapes. And it welds beautifully by any 
process—with no underbead cracking. For a job 
where only the strongest of steels will do... 


specify N-A-XTRA HIGH-STRENGTH steel. 


Write today for your copy of new illustrated 
technical brochure. Address Great Lakes Steel 


Corporation, Detroit 29, Michigan, Dept. p 6. 


GREAT LAKES STEEL 


Compare the typical 
yield strength of 
V-A-XTRA 110 with 
low-alloy, high-tensile 
and mild carbon steels. 


\ 


53,000 psi 


30,000 psi 


For more information, turn to Reader Service card, circle No. 440 


115,000 psi 
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TYGON plastic TUBING 


can be particularly helpful 


... if you 


Tough, flexible Tygon plastic Tubing is 
resistant to an extremely broad range of 
corrosive gases and chemicals. In fact, it 
is the standard tubing in laboratories 
throughout the world, handling virtually 
all chemicals normally encountered. Clear 
as glass, it provides perfect visibility of 
flow. 

In non-toxic, odorless and tasteless formu- 
lations, Tygon Tubing is almost universally 
the preferred plastic for handling milk, 
beverages and liquid or semi-solid dairy 
products. 

Flexible as a piece of string, available in 


441-F 


Get complete technical data 


© HANDLE CORROSIVE 
LIQUIDS OR GAsEs 


* TRANSMIT Foops 
BEVERAGES oR ort ag 


HIGH PURITY AND/oR 


© FACE SPACE LIMITATIONS 


© REQUIRE VISUAL 


AND 
CONTROL OF Flow 


continuous lengths, Tygon Tubing requires 
few joints or couplings, is quickly installed 
in minimum space. Its highly-polished 
bore provides outstanding flow character- 
istics, prevents interior build-up, permits 
simple flush-cleaning. Non-aging and 
physically tough, Tygon retains its unique 
combination of advantages throughout a 
long, trouble-free service life. 


One of seven standard Tygon formulations 
will almost certainly meet your require- 
ments. Special formulations have been de- 
veloped for unusual needs. Over 65 stand- 
ard sizes up to 4” L.D. are available. 





on the various Tygon Tubing 
formulations, as well as other 
helpful information. Write 
today for free Bulletin T-97. 


PLASTICS & SYNTHETICS DIVISION 
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~ 


U. S. STONEWARE 


AKRON 9, OHIO 
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PHOTO BY KARSH OF OTTAWA 


"To achieve best design results—we must 


—dJ. W. HUBLER, vice president engineering, 


have steel of consistent quality”? ~? “wine iccrormtes canon, One 


“Engineers of construction products rely heavily on sources of material supply” —says J. W. Hubler, 
vice president of engineering at Macomber, one of the nation’s foremost manufacturers of steel joists, 
roof decking, and structural steel framing. 

“Because the relation of strength to weight is vitally important in the construction business, we 
design to give the architect the strongest, lightest, easiest-to-use product possible. To do this we must 
be sure the steel is right—every inch of it. For steel of consistent analysis and quality, we can rely on 


Sharon Steel Corporation, Sharon, Pa.” 


SHARON “4 STEEL 





DESIGNING WITH ALUMINUM 


This is one of a series of information 
sheets that discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series supplied on request. Address: 
Advertising Dept., Kaiser Aluminum & 
Chemical Sales, Inc., 919 N. Michigan 
Ave., Chicago 11, Illinois. 














ALUMINUM IN LOW TEMPERATURE APPLICATIONS 


Tue STRUCTURAL QUALITIES of alumi- 
num and its alloys are actually improved 
at ultra-low levels of temperature, such 
as are encountered in the manufacture 
and handling of liquid gases. Tensile 
and yield strengths rise markedly, and 
percentage of elongation increases. As 
the lowest-cost metal capable of per- 
forming satisfactorily at temperatures 
below —150°F., aluminum is thus valu- 
able to the rapidly expanding field of 
cryogenic applications. 

Aluminum alloys also are unique 
among commercial metals in their com- 
bination of high strength-weight ratio, 
corrosion resistance, formability, weld- 
ability, reflectivity, and conductivity of 
heat and electrical energy. Also impor- 
tant for purposes of handling volatile 
liquids, aluminum is non-sparking, non- 
magnetic and non-toxic. 


FIGURE 1 


The requirements of commercial gas 
applications are filled chiefly by four 
industrial gases (see Figure 1). Oxygen, 
nitrogen, argon and helium—in that 
order of volume—comprise much the 
greater portion of commercial gas manu- 
facture. Oxygen, nitrogen and argon are 
among the gases that are produced by 
liquefying air at —320°F. to effect a sep- 
aration of each gas at its individual boil- 
ing point as a liquid. Equipment for this 
production can use, and has used, large 
quantities of aluminum alloy sheet, 
plate, extrusions, tubing and pipe. 

These gas products, along with natu- 
ral gas (mostly methane) are reduced 
by cooling and liquefaction to volumes 
only about 1/600 to 1/800 of their gas- 
eous volume. And because consumption 
by industry in both old and new appli- 
cations currently amounts to hundreds 


of millions of cubic feet annually, this 
reduction in handling bulk is of immense 
economic importance. 


One of the latest military missiles, 
for example, consumes 420 cubic feet 
of liquid oxygen . .. 336 thousand cubic 
feet as gas... in a 90-second firing 
period. These liquefied gases may be 
stored and moved in aluminum alloy 
double-shelled insulated tanks, thus 
taking advantage of their extreme con- 
centration in the low-temperature liquid 
state. 





SOME PROPERTIES OF COMMERCIAL GASES 


LIQUID DENSITY 
AT BOILING POINT 
(Lbs./cu.ft.) 


APPROX. VOLUME 
GAS DENSITY * INCREASE, 
(Lbs. /cu. ft.) LIQUID TO GAS* 
0.089 799 
0.078 650 
0.1114 770 
0.0111 700 
0.0447 580 


BOILING POINT OF 
LIQUID GAS 
(Fahrenheit) 


OXYGEN -297 71.2 
NITROGEN -321 50.4 
ARGON -302 88.02 
HELIUM 452 7.82 


NATURAL GAS -265 25.9 


(Chiefly Methane) Double-shelled mobile tiquid-oxygen tank, produced 
with Kaiser Aluminum alloy 5086. Used in fueling mis- 


* Gas at normal temperature and pressure 
siles, this tank is being loaded for transport by air. 








FIGURE 2 





TYPICAL TENSILE PROPERTIES OF SOME ANNEALED ALUMINUM ALLOYS 
APPROVED BY ASME FOR UNFIRED PRESSURE VESSELS 


PERCENT ** 
ELONGATION 


MINIMUM REQ'D 
WELDED TENSILE 
STRENGTH (psi) 
11,000 35 
14,000 30 
23,000 20 
18,000 24 
25,000 25 
30,000 27 
35,000 22 
40,000 22 


TENSILE STRENGTH ASME ALLOWABLE 
(psi) DESIGN STRESS 

Ultimate Yield * VALUES (psi) 
13,000 5,000 2,350 
16,000 6,000 3,150 
26,000 10,000 5,650 
21,000 8,000 4,000 
28,000 13,000 6,250 
35,000 15,000 7,350 
38,000 17,000 8,700 
42,000 21,000 10,000 


ASME SECTION 


ALLOY DESIGNATION OR CASE NO. 


AA ASTM 
1100 990A 
3003 MIA 
3004 MG1IA 
5050 GIA 
5052 GR20A 
5154 GR40A 1174 
5086 GM40A 1222 
5083 GM41A 1247 
Nominal chemical compositions: 


5154— Magnesium 3.5%, imams 05%, Chromium 0.25% 
- 4.0% 0.45%, Chromium 0.15% 


5086 
5083 — Magnesium 4. 45%, Manganese 0.75%, Chromium 0.15% 


* For metal temperature not exceeding 150°F. 
** in 2 inch flat \,"" gauge specimen at 75°F. 
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FIGURE 3 





The low temperature behavior of al- 
loys 5154, 5086 and 5083 is exemplified 
approximately in Figure 3. Ultimate 
strengths increase by about 50% from 
room temperature to —320°F. Yield 
strengths rise by about 18%. Thus, at 
the —320°F. level, the yield strengths of 


Pi 5083 these three high-strength alloys approx- 
50 -— ‘a imate 21% times the stresses allowed for 


oe 5086 | pressure vessel design by the ASME 
Code. 
40 5154 Through the same temperature range, 
percentage elongation properties have 
been shown by test to increase 60% or 


E TENSILE STRENGTH | . 
more, reaching the magnitude of 40% 
30 elongation at —320°F. 
5083 This added strength and ductility 
— contribute much to structural depend- 
20 5086 ability against both mechanical shock 
5154 
a 


70 TYPICAL TENSILE PROPERTIES 
OF ALLOYS 5083-0, 5086-0 AND 
5154-0 AT LOW TEMPERATURES... 
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and large temperature differentials in 
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Several weldable aluminum alloys 
have been approved by the American 
Society of Mechanical Engineers as safe 
and suitable for construction of unfired 
pressure vessels such as are used in the 
handling of liquid gases. 


Figure 2 tabulates typical tensile 
properties and the design stresses per- 
mitted by the ASME Code for some of 
these alloys, including high strength 
aluminum-magnesium compositions. 
All values shown are for metals in the 
annealed state. Kaiser Aluminum alloys 
5083 and 5086 are the strongest ASME- 
approved aluminum-magnesium-man- 
ganese alloys that can be fabricated into 
these welded vessels by all normal 
methods, without need for stress-reliev- 
ing or annealing. Both of these Kaiser 
alloys 5086 and 5083, when welded 
with 5183 filler, also meet the stringent 
“2T” bend test requirements for welds 
established by ASME for most other 
materials in these unfired pressure ves- 
sel applications. 

The allowable design stress values 
shown are specified by ASME as accept- 
able for vessels and appurtenances from 
150°F. down to —325°F. These permis- 


sible values are roughly two-thirds of 
the minimum guaranteed yield strength 
of the alloy at room temperature. Since 
the ultimate tensile and yield strengths 
of aluminum alloys increase as temper- 
atures drop, the margin of safety rises 
still further at liquid gas temperature 
levels. 


FIGURE 4 


part or system. 


The thermal contractions encoun- 
tered in ultra-low temperature equip- 
ment are larger than those to be 
accommodated in ordinary design ap- 
plications. For example, an aluminum 
member 25 feet long contracts by about 
144-inch through the range from 68° to 
—325°F. Figure 4 shows these thermal 
expansion characteristics, as typified by 
aluminum alloys 5086 and 5083. 


The low elastic modulus of aluminum 
also contributes to its suitability for 
low-temperature equipment by mitigat- 
ing the adverse effects of thermal con- 
traction. Thermal deformations cause 
much smaller increases or decreases of 
stress in aluminum parts than in equiv- 
alent stainless steel parts. The repre- 
sentative #304 stainless steel listed in 
Table 4 will contract only about 70% 
as much as the high strength weldable 
aluminum alloys, for any given drop in 
temperature. However, the aluminum 
alloys have an elastic modulus of about 
10,300,000 psi, roughly one-third that 
of the steel. Because of this difference 
in elastic moduli, the stress changes 
resulting from thermal deformation 
through any given temperature change 
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A THERMAL EXPANSION CURVE 
FOR ALLOYS 5083-0 and 5086-0 


BETWEEN 68° and —320° F. 





THERMAL EXPANSION COEFFICIENTS 
OF ALUMINUM ALLOYS AT LOW TEMPERATURES 


Average Coefficients of Thermal Expansion 
(x 10-* per degree F.) 


ALUMINUM 68° to 68° to 
ALLOYS -200° F. -320° F. 


1099 11.8 10.5 
3003 11.2 10.0 
5083 11.6 10.4 
5086 11.6 10.4 
6061 11.3 10.2 


#304 Steel 7.7 74 
(Stainless) 
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Assembly of welded aluminum vessel for a liquid-oxygen generating plant. 
Such plants serve the steel and chemicals industries 


will be lower in the aluminum than in 
the steel. 

One example of the advantages of- 
fered by this capacity for large elastic 
thermal deformations is the ability of 
aluminum alloy flanged joints, using 
2024-T4 aluminum bolts, to maintain 
joint tightness under cyclical tempera- 
ture conditions between 250°F. and 
—320°F. A bolt-loosening effect natu- 
rally occurs during the initial contrac- 
tion of the pipe bore as it is cooled to 
liquid-gas temperatures, while the outer 
flange and the bolts remain relatively 
uncontracted at ambient levels. This 
tends to reduce gasket seating pres- 
sures. However, the loss of stress in alu- 
minum bolts and flanges during thermal 
contraction of the pipe is much less than 
that occurring in equivalent steel parts. 
This ability to maintain stress during 


thermal deformations, along with the 
use of a soft aluminum profile gasket 
next to the bore, maintains adequate 
sealing while the flanges and bolts also 
cool. Since it often is desirable to bolt 
an aluminum flanged line to a stainless 
steel flanged line, for heat-dam pur- 


or write lor copy 


poses, this elastic property dictates that 
aluminum alloy 2024-T4 bolts should 
be used. 


Metallurgical Research Data 
Now Available 


Since most liquid-gas containers re- 
quire a high vacuum between outer and 
inner shell to achieve the best possible 
insulating conditions, external pressure 
design charts have been developed by 
the Kaiser Aluminum Department of 


FIGURE 5 


SOFT 
ALUMINUM 
PROFILE 
GASKET 
1100-0 ALLOY 


ALUMINUM 
FLANGE 
% 6061-T6 ALLOY 

















ALUMINUM BOLTS 


18-8 STAINLESS 2024-14 ALLOY 


STEEL FLANGE 


Metallurgical Research for each of the 
high strength alloys. These charts, and 
other information on aluminum use in 
low temperature applications, are avail- 
able to interested manufacturers. 
For immediate attention to your re- 
quest for these charts and other tech- 
nical information—or for engineering 
assistance in your own applications— 
contact the Kaiser Aluminum sales office 
listed in your telephone directory. 
Kaiser Aluminum & Chemical Sales, 
Inc., General Sales Office, Palmolive 
Bidg., Chicago 11, Illinois; Executive 
Office, Kaiser Bldg., Oakland 12, Calif. 


ALUMINUM 


THE BRIGHT STAR OF METALS 


For more information, turn to Reader Service card, circle No. 493 
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a combination of properties unmatched by any other thermoplastic 





This is Du Pont Delrin: 


“Delrin” acetal resin is a highly crystalline, stable 
form of polymerized formaldehyde. This com- 
pletely new material offers you metal-like me- 
chanical properties, such as a high degree of 
strength and rigidity, plus other properties that 
metals do not possess. 

The combination of properties offered by 
“Delrin” is unequaled by any other thermoplas- 
tic. For example, “Delrin” has high dimensional 
stability, tensile and flexural strength, resilience 
and toughness. Most importantly, “Delrin” re- 
tains these desirable properties under a wide range 
of service conditions—temperature, humidity, 
solvents and stress. 

Over the past three years, “Delrin” has been 


Typical performance and production advantages of ‘‘Delrin”’ 


A brass part in a commercial 
flush valve was duplicated in ‘*Del- 
rin”. This part operated perfectly 
for 18 months—the period of test 
although it was completely and 
continuously immersed in water. 
The outstanding dimensional sta- 
bility of “Delrin” under a wide 
variety of service conditions has 
also been proved, for example, in 
showerheads (continuously run- 
ning water at 150°F.), and movie 
projector gears (run over 2,000 
hours at ambient humidity). 


This textile solution pan is ordi- 
narily made of stainless steel. It 
must have resistance to oils and 
organic solvents, a clean, smooth 
surface; it also requires several 
threaded inserts plus other details. 
In normal quantities, stainless steel 
pans cost approximately $25 each. 
Injection molded in “*Delrin’’, the 
cost was quoted at about $3 each. 
Testing showed that “Delrin” pro- 
vided the required finish without 
machining, the needed solvent re- 
sistance, plus a weight saving of 75%. 


Aerosol containers made of 
“*Delrin”’ were shelf-stored for over 
a year; others stored for 3 months 


A zinc die-casting mold was used 
to make this instrument cluster of 
“Delrin”. Weight was reduced over 


the zinc component by almost 80%. 
In addition to manufacturing econ- 
omies, further savings in assembly 
are indicated: self-tapping screws 
can be used, since the creep resist- 
ance of “Delrin” prevents loosen- 
ing or stripping. These clusters can 
be molded in integral color or 
painted, and with a conventional 
mold would require little, if any, 
mechanical finishing. 


at 130°F. In both cases, the con- 
tents were still completely dis- 
chargeable. “Delrin” retains its 
strength and toughness for long 
periods, even when exposed to ele- 
vated temperatures and organic sol- 
vents. Equally important are the 
new opportunities for high styling 
opened by “Delrin’”’—the freedom 
to design in new shapes and inte- 
gralcolors to suit purchasing trends. 





tested in hundreds of end-use applications by a 
host of industrial concerns. These tests have con- 
firmed that parts made of “Delrin” can compete 
on a performance and cost basis with parts made 
of many metals, rubber, glass or wood. Of the 
various end-uses tested, 75% would normally be 
made of metal and another 10% of rubber, glass 
or wood. These tests have resulted in many ap- 
plications of “Delrin’’ now being readied for 
commercial production—including gears, bear- 
ings, housings, containers, plumbing and hardware 
parts, pump impellers, “squirrel-cage”’ blowers, 
door handles, clothing fitments and many others. 

In addition to metal-like performance, “Delrin” 
offers you the manufacturing economies inherent 


in the production methods of the plastics indus- 
try. “Delrin” is easily injection molded, extruded, 
blow-molded or fabricated with conventional ma- 
chine tools. 

Illustrated below are a few of the applications 
of “Delrin” which have undergone extensive field 
service tests. The performance and economies 
listed were indicated during comparative evalua- 
tions made with materials in use at the time of the 
tests. These applications, together with additional 
data on the following page, may well suggest 
ways in which this versatile new engineering ma- 
terial can help you improve a product, lower its 
cost or develop new designs for your profit. Your 
inquiry is invited (see coupon on next page). 


evaluated during three years of field tests... 


aad 


Accessories usually made of met- 
al, such as automotive window 
cranks and refrigerator door han- 
dles, can be economically mass- 
produced in “Delrin” by injection 
molding. “Delrin” provides re- 
quired strength and rigidity. In- 
tegral colors, a variety of surface 
effects and functional details can 
be produced in one operation. 
Less weight, improved styling, de- 
pendable performance and poten- 
tial cost savings are made possible 
by “Delrin”. 


Industrial components such as 
this “‘squirrel-cage” blower—as 
well as a variety of gears, bearings 
and other mechanical parts—have 
demonstrated the ability of ‘*Del- 
rin’”’ to compete with various met- 
als ona performance and cost basis. 
“Delrin” offers excellent fatigue life 
even when immersed in oil or water. 
Rapid production of lightweight, 
intricate components by the injec- 
tion molding process can lead to 
substantial manufacturing econo- 
mies with “Delrin’’. 


Plumbing fixtures made of ‘‘Del- 
rin”, such as this showerhead, offer 
the manufacturer new styling and 
design advantages ...and the home 
owner new latitudes in bathroom 
décor. Injection molded in integral 
color, fixtures made of “Delrin” 
assure builders and home owners 
of long-term dimensional stability, 
freedom from rust and mineral 
build-up. Modern in design, they 
are durable and dependable in serv- 
ice, and provide opportunities for 
potential cost savings. 


Clothing fitments, such as zip- 
pers, clasps and snaps, are also 
readily and economically molded 
in “Delrin’’. Stiffness, toughness 
and resistance to heat, body oils 
and perspiration make “Delrin” a 
logical choice for such uses. Your 
customers would welcome the light 
weight, colorability and warm-to- 
the-touch benefits ‘*Delrin”’ offers. 
Extensive field tests have demon- 
strated that “Delrin” is one of 
the most promising new materials 
available to the fitments industry. 





TYPICAL PROPERTIES OF 'DELRIN” acera resin 


Deformation under load 
38% (2,000 psi at 122°F.) 0 
75 Coefficient of linear thermal 
expansion 


— 68°F. 
73°F. 15 
158°F. 3 4 
—40°F. 1.2 ft.lb. /in. 1.8 ft.lb. /in. 
73°F. 1.4 ft.lb. /in. 2.3 ft.lb. /in. 
— 68°F. 14,700 psi 
73°F. 10,000 psi 
158°F. 7,500 psi 


Elongation 45x10 "?. 


Taber abrasion 
(1000 gm. load, CS-17 wheel) 
Thermal conductivity 
hect 
Modulus of rigidity y psi 
's ratio 


20 1000 
1.6 BTU /hr. /sq. ft. /°F. /in. 


impact strength, 
Izod 


Tensile strength 
and yield point, 





Compressive stress 
at 1% deformation 95 
ot! 


constant, , = 
102-105 cps 3.7 
Dissipation factor, 73°F., 
102-105 cps 
— Dielectric 


5,200 psi ; 
___18,000 psi 
410,000 psi 
190,000 psi 
90,000 psi 
360,000 psi 
y 4,100 psi 
9,510 psi 
212°F. 


338°F. 


deformation 

73°F. 
170°F. 
250°F. 
100% RH 73°F. 


Flexural strength 


D790 
D790 
D790 
D790 
D790 
Sheer strength 0732 
Heat distortion ree D648 ae Oy 
temperature, 66 psi D648 
Fatigue endurance limit, ve 
50 to 100% RH 70°F. 


“100% RH 150°F. 


.004 

V /mil 
ene Volume 6 x 10'* ohm/cm 
— 2 x 10!3 ohm 
129 seconds (burns) 


Flexural modulus, short time 








— Arc resistance 





P Factor at 73° F 
Woter 1.9 
Ethanol 0.2 
Freon® 12-114 (20780) _<_0.2__ ‘ Duinad on bots + 
Methyl Salicylate 0.3 | thickness. } 





{gms loss/24 hrs/100 } 
in? crea /mil thickness. 





5,000 psi Permeability: 


3,000 psi 











Room Temp. 122° F 


CCl, 1.2 5.7 


Toluene 2.6 

total immersion Vol. | 
49 26 - change proportional 
1.9 | to wgt. change. } 


W ater absorption, 
24 hours immersion 


equilibrium, 50% RH 3 


D570 


D570 


0.12% 
—— O.2% 
~ 0.9% 
1.425 
M94, R120 
1.1 in. /min. 
347°F. 
363°F. 





28 | wet. gain—12 mo, 








Resistance Acetone 


Alcohol 2.2 
Ethy! Acetate 2.7 2.9 


equilibrium, immersion, 77°F. 





D792 
D785 
D635 


Specific gravity to Organics: 





Rockwell hardness 





Flammability 
*These values ore representative of those obtained under standard ASTM conditions and 


should not be used to design parts which function under different conditions. Since they 


Melting point (crystalline) 
ore average values, they should not be used os minimums for material specifications. 





D569 


Flow temperature 


DELRIN offers design engineers 


ACETAL RESIN 


a new combination of properties 


quantities will come on stream at Parkersburg, 
W. Va. This plant is your assurance that your 


“Delrin” acetal resin offers you a combination 
of properties and potential cost advantages never 


FOR MORE SPEC 


before offered by any single material. Specific 
values of typical properties of **Delrin” are listed 
in the table above . . . and the advantages implicit 
in these figures have been thoroughly tested in a 
wide variety of end-uses. 

Today is your best opportunity to consider 
how Du Pont “Delrin” can help you improve the 
design of a product or develop your designs on 
new products. Within the next few weeks a new 
plant to manufacture “Delrin” in commercial 


1FIC INFORMATION MAIL 


E. I. du Pont de Nemours & Co. (Inc.), Advertising Department 


Nemours Building, Rm. 


I am interested in evaluating “Delrin” for the following use: 


99D, Wilmington 98, Delaware 


design improvements can fast become practical 
realities. Commercial molders, already familiar 
with “Delrin”, can provide you with valuable 
assistance in your problem. 

A specialized group of Du Pont engineers, as 
well, can help you with their experience and 
knowledge gained during years of market devel- 
opment work with “Delrin”. They may well have 
tested the very product or component you are 
considering. 


THIS COUPON 


DELRIN’ 


ACETAL RESIN 











POSITION 





REG. U.S. Pat. OFF 





STATE 


BETTER THINGS FOR BETTER LIVING 


THROUGH CHEMISTRY 





In Canada 


Du Pont of Canada Limited, P.O. Box 660, Montreal, Quebec. 
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and 
MODERNSCREEN 
build a better fire screen 
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To volume produce fire screen like you see here, Portland 
Willamette Company, Portland, Oregon, employs incredi- 
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poe bly accurate and complicated weaving looms. Successful 
? 4 operation of these automatic machines requires a perfect 
>? forming wire—a wire that is absolutely uniform through- 
Ns out the thousands of feet in the long continuous coils. 
ra S Modernscreen’s wide range of finishes for fireplace screens 






Fs) demands a perfectly clean wire. It’s made that way at 
oer Keystone and is shipped in moisture-proof fibre drums to 
>? rotect it until ready to thread into the weaving looms. 
7~. P 7 & 


Teamwork between Modernscreen and Keystone de- 
veloped a wire with the necessary uniformity and surface 
qualities, and a packaging program to protect its extra 
clean finish. For these reasons, Modernscreen specifies 
Keystone Wire. 
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Keystone Wire specialists will work with you to help develop the 
wire that can enhance the saleability of your product—cut costs 
—increase quality. Call your Keystone representative today! 


KEYSTONE STEEL & WIRE COMPANY, PEORIA 7, ILLINOIS 
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SIGNAL LIGHTS 
——————— LEAD GLASS WINDOWS 


— LEAD SHIELD 





_ LIQUID SCINTILLATION 
SOLUTION 


——— PHOTOMULTIPLIER TUBE 


SOLUTION STORAGE 
TANK UNDER PLATFORM 





Designed by the Los Alamos 
Scientific Laboratory, 
University of Califernia 


Provides The Shielding In This Walk-In 
HUMAN RADIOACTIVITY COUNTER 


The need for instruments that can rapidly and 
accurately determine very small amounts olf radioac 


tivity in people and foodstuffs is urgent. The concern 


over world-wide fallout from nuclear weapons testing 


and the problem of efficient monitoring as part of power 
reactor development emphasize this need. In both cases, 
large numbers of people are potentially exposed either 
directly or through the wider, indirect hazard of con- 


taminated lood. 


ESTIMATED CUMULATIVE EXPENDITURES 
FOR REACTOR, EQUIPMENT, FACILITIES 


so 1958 1965 
Source: NUCLEONICS, September, 1957, p. 33 


Phis radiation counter was part of the United 
States exhibit at the Geneva Conlerence ol Peaceful 
Uses of Atomic Energy. The 16 tons of lead provides 
a thickness of 3 inches of shielding in all directions. 
The shape of the shield resembles a snail shell. With 
thes design, there is no direct “line of sight” from out- 
side into the very sensitive gamma-ray counter ... and 
eliminates the inconvenience and expense ol a heavy 


door 


Lead, having the best shielding property of all 
common metals was chosen to provide maximum pro- 
tection from gamma-rays with minimum weight and 
floor space. The metal’s relative availability and econ- 
omy was another factor. The cost of the vital 16-ton 
shield amounted to about 10°; of the Geneva counter’s 
total cost. The importance of this application and its 


potential is exemplified by the chart shown below 


ST. JOSEPH LEAD COMPANY 


250 Park Avenue New York 17, N. Y. 


The Largest 
Producer of Lead 
in the United States 


For more information, turn to Reader Service card, circle No. 414 
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NEW “SCREECH-FREE” TIRES demonstrate how the 
versatility of Butyl gives product designers new freedom 


know-how and research facilities that de- 
veloped Butyl for tires are available to 


help solve your design and production 


Butyl rubber in tire 
latitude in 


The use of Enjay 


construction wider 


many design elements. For instance, new 


permits 


cord angles and new tread designs which 
give unprecedented traction and silence 
have been made possible with Butyl. 
Butyl tires hug the road so well, you 
can’t make them squeal — at any corner, 
at any speed, even on hot surfaces. They 
give up to s(0¢ 
even stop faster on wet surfaces than other 
Iry. There is less cracking and 


y 
firesdoonda 


ENJAY COMPANY, INC., 15 West 51st St., New York 19, N. ¥ 


quicker stopping power, 


crazing of sidewalls because Buty] resists 


ozone, sunlight and weathering. In these 


revolutionary new tires, in hundreds of 


other products, Butyl offers outstanding 


resistance to aging, tear and flexing, heat. 


abrasion provides superior damping 


qualities and impermeability to gases and 
moisture 


Butyl’s unusual versatility opens new 


product applications It gives more tree 


dom than ever before to product de signers 


in every industry. The same technical 


problems. For more information, or techni- 


cal assistance, call or write your nearest 


Enjay office. 


EXCITING 
NEW 
PRODUCTS 
THROUGH 

PETRO 
CHEMISTRY 


BUTYL 





{kron « Boston « Charlotte « Chicago Detroit « Los Angeles « New Orleans + Tulsa 


For more information, turn to Reader Service card, circle No. 528 
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Another new application for 


TU WAIN TU Wl 


PUMPING HIGHLY CORROSIVE SOLUTIONS? 


Titanium provides the answer in “Durcopumps”* 


The Duriron Co., Inc., designers and manufac- 
turers of equipment for corrosive service, is among 
the first to take advantage of titanium’s outstand- 
ing corrosion resistance in pumps and pump parts. 

Working closely with Duriron engineers, 
Mallory-Sharon helped develop welding and form- 
ing techniques for production of a fabricated titan- 
ium centrifugal pump. Durcopumps, with all wet 
end parts fabricated of Mallory-Sharon commer- 
cially pure titanium, are being produced to order, 
for pumping hot nitric acids, hot chlorides, etc. 

As proof of titanium’s superior corrosion 
resistance, operation of a million-dollar 
chemical plant was being held up for lack 
of a suitable pump to handle boiling 65% 


f integrated producer of Titanium. 
hn 


— 


MALLORY 


MALLORY-SHARON METALS CORPORATION 


nitric acid. Cost of downtime was $1,000 per day. 
Two titanium centrifugal pumps were installed in 
the line. To date, they have given over 12 months’ 
service—compared to less than 30 days’ service for 
nickel-base alloys previously used. 

Mallory-Sharon engineers are ready to work 
with you in applying titanium. Write for Technical 
Data Sheet on “Titanium Pumps for Chemical 
Service’. Please address: Commercial Market 
Development, Dept. B, Mallory-Sharon Metals 
Corporation, Niles, Ohio. 


Zirconium + Special Metai/s 


For more information, turn to Reader Service card, circle No. 378 
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Carbide Tools. Adams Carbide Corp., 32 pp 
No. 359. Information on a line of tungsten 
carbide tools, dies, tool tips and wear parts. 1 


No. 359. Information on a line of tungsten 
Brake Shoe Co., National Bearing Div., 8 pp 
llus. Physical properties, general description, 
and chemical composition of bronze and 
copper alloys available as centrifugal castings 

2 
Foundry, Inc., 6 
producing 


uses 


Auburn 
facilities for 


Gray tron Castings. 
pp illus Describes 
gray iron castings 
Carbon Steel Tubing. 
Tubular Products Div 
chanical properties 
electric resistance 
chanical tubing 
Extruded Aluminum Shapes. 
nell Co Inc 6 pp. illus. Information on 
specially treated extruded aluminum shapes 
for marine applications. Information also on 
vinyl] extrusions 

Aluminum Stampings. Bootz Mfg. Co., Inc., 4 
pp, illu Information on refrigerator parts 
made of anodized and embossed aluminum 
stamping Information also on metal parts 
for washers, ranges and air conditioning 
units 6 
Grain Size of Brass. Bridgeport Brass Co., 6 
pp, illus. Tells how correct grain cize of brass 
alloys can reduce finishing costs. Also de- 
scribes how grain size of brass strip is 
affected by annealing and cold rolling 7 
Beryllium Copper Alloys. Brush Beryllium Co., 
Pennrold Div., 12 pp. Chemical composition, 
pecifications, physical and mechanical prop- 
erties heat treatment and weldability of 
three beryllium copper alloys 
Finned Tubing. Woverine Tube Div 
& Hecla, Inc., 24 pp, illus. Sizes, alloys, heat 
transfer data, and application data for inte- 
erally finned tube for heat transfer applica- 
tions 9 
Pure Chromium Metal. Chromalloy Corp., 4 pp 
illus., No. 30. Suggested applications, chemical 
composition and fabricating characteristics of 
a 99.997 pure chromium metal called Io- 
chrome 10 
Self-Lubricating Bearings. Amplex Div., Chrys- 
ler Corp., 4 pp, illus. Uses, performance data 
and mechanical properties of self-lubricating 
Iron Oilite bearings 11 
Silicone Rubber Cement. Connecticut Hard 
Rubber Co., 4 pp. Properties, uses and appli- 
cation data for a room temperature vulcan- 
izing silicone rubber cement and metal primer 
for —100 to 359 F operating temperatures. 12 
Flame Sprayed Ceramics. Continental Coatings 
Corp., 6 pp, illus. Information on equipment 
used to flame spray ceramic coatings. Shows 
potential uses for flame sprayed ceramic coat- 
ings 1 
TFE Tubing. Continental-Diamond Fibre Corp 
4 pp, illus. Electrical and physical properties 
and sizes of extruded thin-wall TFE tubing. 14 
Heat Resistant Paints. Joceph Dixon Crucible 
Co., Paint Sales Div., 4 pp. Information on 
silicon-alkyd, aluminum-graphite and _ silica- 
graphite paints for use at temperatures up to 
1000 F 15 


Babcock & Wilcox Co., 
8 pp, No. TB-419. Me- 
and size tolerances of 
welded carbon steel me- 


William L. Bon- 


Calumet 
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Machinable Ceramic Disks. Duramic Products, 
Inc., 1 p, No. 118. Physical, mechanical and 
electrical properties of a heat shock resistant 
machinable grade ceramic meterial called 
Duramic HT-2-M 16 
Buty! Rubber. Enjay Co., 12 pp, illus., No 
2d/En. Weather, sunlight, chemical, solvent 
and heat resistance, electrical properties and 
uses of butyl rubber 17 
Metallic, Nonmetallic Stampings. Federal Tool 
& Mfg. Co., 6 pp, illus., No. 301. Design in- 
formation, tolerances and specifications for 
stampings made of ferrous and nonferrous 
metals, and phenolic, nylon and epoxy resins 
18 
Glass Parts. Fischer & Porter Co., Glass Prod- 
ucts Div., 8 pp, illus., No. 80-23. Information 
on fabricating precision glass parts out of any 
type of glass ig 
Kel-F Sheet, Rod. Fluoro-Plastics, Inc., Div 
of Flexrock Co, 4 pp, illus. Sizes, electrical 
properties, machinability, compressive streneth, 
and chemical and moisture resistance of Kel- 
F sheets, rods and tubes 20 
Nickel Alloy Coatings. Kanigen Div., General 
American Transportation Corp., 12 pp, illus., 
No. 258. Frictional properties, abrasion, cor- 
rosion and salt spray resistance, uses, ductility 
and thermal conductivity of Kanigen chemi- 
cally deposited nickel alloy coatings 21 
Stabilizer for Viny!. General Mills, Inc., Cen- 
tral Research Laboratories, 20 pp, illus., No 
EP-1. Chemical composition and properties of 
epoxidized soy bean oi] stabilizers for vinyl 
resins 22 
Rubber Parts. Goshen Rubber Co., Inc., 8 pp, 
illus. Describes facilities for producing custom- 
made parts, seals and components of natural, 
synthetic and silicone rubber compounds. 23 
Steel, Iron Castings. Goslin-Birmingham Mf¢ 
Co., Inc., Contract Mfg. Div., 2 pp, illus., No. 
708-1. Information on steel and iron castings, 
heavy machine work, plate fabrication, stress 
relieving, custom machinery and equipment, 
and large cast iron pipe and fittings. 24 
Gray tron Castings. Gray Iron Founders’ So- 
ciety, Inc National City-E 6th Bidg., Cleve- 
land 14, Ohio, 75 pp. Contains an alphabetical 
list of members of the Society, a geographical 
listing of members, and a buyers’ guide sec- 
tion. Write on company letterhead directly to 
Gray Iron Founders’ Society. 
Titanium. Harvey Aluminum, 36 pp, illus. 
Thermal properties, design data, machina- 
bility, corrosion and erosion resistance, fatigue 
properties and uses of titanium 2s 
Polyethylene Pipe Compound. Hercules Powder 
Co., 7 pp, illus., No. CP-2. Performance and 
fabricating data, and dimensions and toler- 
ances for pipe made of a specially developed 
high density polyethylene resin 26 
Permanent Magnets. Indiana Steel Products 
Co., 2 pp, illus. Design information and di- 
mensional data for a line of permanent mag- 
nets for microwave load isolators 27 
Polyester Resins. Interchemical Corp., Finishes 
Div. Information on polyester resins for hand 
lay-up and surface finishing 28 
Stainless Steel Parts. Jessop Steel Co., 16 pp 
Corrosion resistance, physical and mechanical 
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Books, p 226 


Reports, p 228 


properties, and chemical composition for a 
series of stainless and heat resisting steels. 29 
Aluminum Plate. Kaiser Aluminum & Chemical 
Sales, Inc., 8 pp. illus. Design data, machin- 
ability, tolerances and weldability of rolled 
aluminum tooling plate used to make tools, 
jigs and fixtures. 30 
Tin. Malayan Tin Bureau, 6 pp. February ‘59 
issue of ‘“‘Tin News" contains information on 
tin plate, soldering, tin council, markets, con- 
tainers, exports and consumption 31 
Fusion Coatings. Michigan Chrome & Chemical 
Co., 6 pp, illus. Information on small particle 
size plastics powders for use in fluidized bed 
coatings. Information also on equipment for 
fluidized bed coating. 32 
Stainless Wire Cloth. Michigan Wire Cloth Co 
Information on very fine mesh grades of wire 
cloth made of stainless steel and monel. 33 
Coated-Fabric Tubing. Irvington Div., Minne- 
sota Mining & Mfg. Co., 6 pp, illus. Physical 
and electrical properties, and uses of silicone 
rubber-coated tubing, silicone-varnished glass 
cloth tubing, varnished-rayon tubing and 
vinyl-coated-glass-cloth tubing. 34 
Rubber Parts. Minnesota Rubber Co., 24 pp, 
illus. Design information and properties of 
o-rings and quad rings made of natural, syn- 
thetic and silicone rubbers 35 
Plasticizers for Plastics. Monsanto Chemical 
Co., Organic Chemicals Div. Information on 
solid plasticizers for adhesives, lacquers, foams, 
films and rigid vlastics compositions. 
Aluminum Casting Alloy. Navan Products, Inc., 
12 pp, illus. Design information, mechanical 
properties and casting procedures for a high 
strength aluminum casting alloy called Tens- 
50 37 
Piastics Laminates. New England Laminates 
Co., Inc., 4 pp, illus. Properties and uses of clad 
and unclad epoxy and phenolic plastics lami- 
nates for electrical and electronic parts. 38 
Rare Earth Metals. Nuclear Corp. of America, 
Research Chemical Div. Prices and available 
shapes for yttrium, lanthanum, cerium, praseo- 
dymium, neodymium, gadolinium, holmium, 
erbium and ytterbium. 39 
Plastics Lining. Pittsburgh Plate Glass Co., 8 
pp, illus. Application data for a two-coat paint 
system for lining hopper cars 40 
Filled Nylon Parts. Polymer Corp. of Pa., 4 
pp. illus. Mechanical and electrical properties, 
uses and sizes of parts made from a molyb- 
denum disulfide-filled nylon material called 
Nylatron GS 41 
Machining Aluminum. Reynolds Metals Co., 
Box 2346, Richmond 18, Va., 32 pp, illus. Dis- 
cusses turning, milling, shaping, planning, 
drilling, reaming, tapping, filing and sawing 
of aluminum. Write on company letterhead 
directly to Reynolds 

Phosphor Bronze. Seymour Mfg. Co., 6 PP 
Physical and mechanical properties, uses and 
sizes of phosphor bronze wire, rod and = 
Nonferrous Centrifugai Castings. Centrifu- 
gally Cast Products Div., Shenango Furnace 
Co., 8 pp, illus. No. 157. Specifications. 
chemical composition and physical properties 
of nonferrous alloys used in centrifugal cast- 





ings. Shows parts and assemblies produced by 
the centrifugal method. 43 
Ceramic Parts. D. M. Steward Mfg. Co., 12 pp, 
illus. Mechanical and electrical properties, 
and design information on parts made from 
vitreous ceramic materials, refractories, lava 
and ferrites. aa 
Ferrous, Nonferrous Balls. Strom Steel Ball 
Co., 4 pp, No. 1258. Dimensions and charac- 
teristics of brass, carbon and stainless steel, 
bronze and monel balls for bearings and 
valves. 4s 
Urethane Foam. Reynolds Chemical Products 
Co., Div. of Stubnitz-Greene Corp., 8 pp, illus. 
Describes the services of the company in the 
field of polyether and polyester urethane 
foams. 

Fuel Resistant Rubbers. Thiokol Chemical 
Corp., illus. Discusses the effects of high 
aromatic fuels on seven types of oil resistant 
elastomers. 47 
Spring Steel. Uddeholm Co. of America, Inc., 
43 pp, illus. Standard stock sizes for a wide 
variety of cold rolled spring steels. 48 


Other Available Bulletins 
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Manganese Steei Products. American Manga- 
nese Steel Div., American Brake Shoe Co., 16 
pp, illus., No. 2. Information on the use of 
manganese steel for hard facing and for con- 
struction equipment. 62 
Centrifugally Spun Tubes. American Cast Iron 
Pipe Co., Special Products Div., 4 pp, illus. 
Centrifugally cast tubes furnished as-cast, 
rough machined or finish machined. 63 
Steel Wire. American Chain & Cable Co., Inc., 
Page Steel and Wire Div., 16 pp, illus. Lists 
grades, tempers, 
square, hexagon 
wire. 

Molybdenum-Iron Castings. American Metal 
Climax, Inc., Climax Molybdenum Div., 24 pp, 
illus. Use of molybdenum in gray and malle- 
able iron. Gives properties, uses and fabrica- 
tion data for molybdenum-iron castings. 65 
Textured Metals. Ardmore Products, Inc., 4 
pp, illus. Strength and durability of textured 
metals available in numerous styles and 
finishes. 66 
Stainiess Steel Wire. Armco Steel Corp., 20 
pp, illus., No. P. O. 2157. Outlines the use of 
17-4PH and 17-7PH stainless steel bar and 
wire in safety valves, dials, springs, hydraulic 
pump shafts and valve plugs. 67 
Dies for Plastics Moldings. Bethlehem Steel 
Co., 4 po, illus. Heat treatment, composition 
and machinability of a tool steel called Lustre- 
die that imparts high sheen to plastics prod- 
ucts. 68 
Steel Products. A. M. Byers Co., 8 pp, illus. 
Availability, uses and properties of specialty 
grades of “Amballoy” electric furnace quality 
carbon, alloy and stainless steel. 69 
Ferrous Castings. Campbell, Wyant & Cannon 
Foundry Co., 24 pp, illus. Describes facilities 
for producing gray iron and steel castings. 70 
Stainless Stee! Parts. G. O. Carlson Inc., 2 pp, 
illus. Shows typical stainless steel items pro- 
duced to customer specifications. 71 
Steel Wire. Continental Steel Corp., 12 pp, 
illus. Information on standard and special- 
shaped wire, coarse round wire, and fine and 
specialty wire made of low and medium-low 
carbon steel. 72 
Stainless Steel Parts. Cooper Alloy Corp., 
Nuclear Products Div., 4 pp, illus. Informa- 
tion on the production and finishing of stain- 
less steel valves, fittings and castings for 
nuclear applications. 73 
Stainless Steel. Copperweld Steel Co., Superior 
Steel Div., 8 pp, illus. Gives chemical com- 
position and corrosion resistance data on a 
boron stainless steel for reactor shielding. 74 
Castings. Curtiss-Wright Corp., Metals Proc- 
essing Div., 10 pp, illus. Facilities for research 
development and production of castings. 75 
Expanded Metal. Designers Metal Corp., 8 pp, 
illus., Ne. 4581. Patterns, sizes and uses of 
anodized, plated and painted ferrous and non- 
ferrous expanded metal. Shows typical appli- 
cations. 76 
Welded Rings. Dresser Mfg. Div., Dresser In- 
dustries, 4 pp, illus. Tolerances and prices of 
flash welded ferrous and nonferrous rings. 77 


finishes and sizes of round, 
steel 
64 


and octagon-shaped 


Corrosion Resistant Alloy. Haynes Stellite Co., 
Div. of Union Carbide Corp., 16 pp, illus. 
Corrosion resistance, chemical composition, 
physical properties, hardness, formability, im- 
pact strength and short-time tensile strength 
for a nickel-base alloy called Hastelloy alloy C. 

49 


Piasma Arc Coating. Linde Co., Div. of Union 
Carbide Corp., 8 pp, illus. Describes a plasma 
arc plating process for applying coatings and 
fabricating shapes. Tells what materials can 
be applied and where they can be used. 50 
Chemical Milling of Steel. United States 
Chemical Milling Corp., 2 pp, No. 8. Informa- 
tion on the chemical milling of carbon and 
stainless steel. Discusses the effect of chem- 
ical milling on the physical properties, sur- 
face finishes and tolerances of steel. 51 
ABS Thermoplastic Sheet. United States Rub- 
ber Co., Royalite Plastic Products Div., 8 pp, 
illus., No. 59-1. Advantages, uses, and me- 
chanical, thermal and electrical properties of 
ABS thermoplastic sheets. 52 
Flexible Plastics Tubing. U. S. Stoneware Co., 
Plastics and Synthetics Div., No. T-97. Sizes, 


Permanent Mold Castings. Eaton Mfg. Co., 
Foundry Div., 18 pp, illus. Describes Eaton 
permanent mold process for producing gray 
iron castings. 78 
Rolied Steel Rings. Edgewater Steel Co., 12 
pp, illus. Representative sections and dimen- 
sions of rolled steel rings. Describes process 
by which rings are formed from solid blocks 
of steel. 79 
Specs for Stainless Steel. Peter A. Frasse & 
Co., Inc., 2 pp. List ef government specifica- 
tions for stainless steel giving nearest cor- 
responding SAE, AISI and AMS specifications 

80 
Cold Headed Parts. John Hassall, Inc., 12 pp, 
illus. ‘“‘What the Designer Should Know about 
Cold Heading” is the title of an article that 
outlines the use of cold heading for mass- 
producing small machine parts and special 
fasteners. 81 
Drawn Metal Shapes. Hydroforming Co. of 
America, 6 pp, illus. Economies achieved with 
Hydroforming, a custom, deep drawing serv- 
ice. 82 
Ductile Iron. International Nickel Co., Inc., 
18 pp, illus. Properties and uses of a ductile 
iron with a tensile strength of 200,000 psi. 
Contains 24 case histories. 83 
Stainless Steel, Strip. Jones & Laughlin Steel 
Corp., Stainless & Strip Div., 4 pp, illus. 
Shows facilities for producing stainless steel 
sheet and strip to extremely close tolerances 


La Salle Steel Co 
tolerances and machinability of a high 
strength, free-machining steel bar _ called 
Stressproof. 8s 
Clad Steels. Lukens Steel Co., 32 pp, illus. 
Mechanical and chemical properties, sizes, 
uses, design information and fabribation data 
for a series of nickel, stainless steel, Inconel 
and monel-clad steels. 86 
Malleable tron Castings. Malleable Founders 
Society, 8 pp, illus. Design considerations, 
machinability, and impact and corrosion re- 
sistance of standard and pearlitic malleable 
iron castings. 87 
Cold Headed Parts. National Lock Co., 8 pp. 
Information on custom cold headed hardware 
and fasteners made of ferrous and nonferrous 
metals. 88 
Copper-Coated Wire. National-Standard Co., 
8 pp, illus., No. 202. Uses, corrosion resistance, 
strength, electrical resistivity and bend 
strength of copper-coated wire. 89 
Reduced Iron Powder. National-U. S. Radiator 
Corp., Plastic Metals Div., 4 pp. Properties of 
Plast-Iron Grade B-261 reduced iron powder 
used in making sintered compacts. 90 
industrial Wire Cloth. Newark Wire Cloth 
Co., 4 pp, illus. Shows diversified line of 
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properties and uses for a flexible, clear plas- 
tics tubing called Tygon. 53 
Zinc-Coated Steel. Weirton Steel Co., Div. of 
National Steel Corp., 12 pp, illus. Installation 
data, specifications, uses and characteristics 
of zinc-coated steel. 54 
Nonferrous Brazing Alloys. Westinghouse Elec- 
tric Corp., Welding Div., 4 pp, illus. Descrip- 
tion and uses, chemical composition, liquidus 
and solidus temperatures, brazing range and 
design information for a line of nonferrous 
brazing alloys for joining copper, brass and 
bronze. 55 
Plastics Rod, Sheet. Westlake Plastics Co., 
Alphalux Div., 6 pp, illus., No. W-200. Sizes, 
characteristics and uses of rod, sheet, tubing 
and film made of methacrylate, polystyrene, 
fluorocarbon, and polyethylene plastics. 56 
Hardboards. Weyerhaeuser Timber Co., 8 pp, 
illus. Information on the use of hardboards 
for a variety of applications. 57 


Galvanized Sheet Steel. Wheeling Steel Corp., 
44 pp, illus. Properties and uses for galvan- 
ized steel sheet and strip called Softite. 58 


metallic wire cloth, screen and woven wire 
products produced in various sizes, weaves 
and metals. 91 
Steel Castings. Ohio Steel Foundry Co., 14 pp, 
illus. Illustrates many types of castings, in- 
cluding carbon steel, alloy, heat resistant and 
stainless steel castings. 92 
Deep Drawn Parts. Pressed Steel Tank Co., 
16 pp, illus. Uses of Hackney metal contain- 
ers and deep drawn parts. 93 
tron Powders. Pyron Corp., 8 pp, illus. Chem- 
ical and physical properties, and composition 
of hydrogen-reduced iron powders. 94 
Iron Powders. Republic Steel Corp., Metal 
Powder Div., 52 pp, illus, No. ADV 1014. 
Physical properties, uses, chemical composi- 
tion and availability of four iron powders. 95 
Stainless Steel Tubing. Republic Steel Corp 
Steel & Tubes Div., 12 pp, illus. Technical 
points to be considered when purchasing or 
specifying welded stainless steel tubing. 96 
Steel Tubing Weight Tables. Revere Copper & 
Brass Inc., 14 pp. Dimensions and weights for 
hot finished and cold drawn round steel tub- 
ing. 97 
Bolts, Forgings. Rhode Island Tool Co., 26 pp, 
illus., No. 75. Dimensions, properties, prices 
and uses for drop and upset forgings, eye and 
special bolts, studs, cap screws and nuts, 98 
Metal Stampings. Rockwell-Standard Corp., 
Stamping Div., 8 pp, illus. Facilities for pro- 
ducing large, small, light and heavy stamp- 
ings in any metal or alloy. 99 
Hot Rolied Steels. Joseph T. Ryerson & Son, 
Inc., 4 pp, illus., No. 11-2. Specifications and 
size ranges for hot rolled steel bars, structur- 
als, plates, sheets and strip. 100 


Centrifugally Cast Steel Pipe. Sandusky Foun- 
dry & Machine Co., No. 32. AFME interpreta- 
tion regarding the use of centrifugally cast 
steel pipe in refinery service. 101 
Spring Steels. Sandvik Steel, Inc., 6 pp, illus 
Sizes, materials and chemical composition of 
spring and specialty strip steels. 102 
Zinc-Coated Steel. Sharon Steel Corp., 12 
pp, illus. Discusses welding, soldering, cold 
forming, cleaning and storage of Galvanite 
zinc-coated steel. 103 
Steei Tubing. Standard Tube Co. Physical 
properties and weight of steel tubing for 
shafting, structural members and mechanical 
parts. 104 
Metal Stampings. Stanley Pressed Metal Div., 
Stanley Works, 6 pp, illus. Design and order- 
ing information on stampings and deep draw- 
ings. 105 
Tubing for Atomic Power. Superior Tube Co., 
6 pp. No. 20. Use of small-diameter tubing as 
fuel elements and heat exchangers for atomic 
power. Characteristics and size limits of 7 
standard tubing materials including stainless 
steel, Inconel and zirconium. 106 
Welding Steel Castings. Tempil Corp., 52 pp, 
illus. Recommended practices for repair and 
fabrication welding of steel castings. 107 
Small Metal Parts. Torrington Co., Special- 
ties Div., 24 pp, illus. Services and facilities 
of the company for producing small precision 
metal parts. Information also on contract 
Swaging and swaging machines. 
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Descaling Steel, Titanium. Turco Products, 
Inc., 8 pp, No. 35. Describes a process for de- 
scaling high temperature corrosion resistant 
alloys, stainless steels, titanium and nickel 
alloys. 109 
Testing Stainless Steel. Union Carbide Metals 
Co., Div. of Union Carbide Corp. Card gives 
instructions for making a chemical spot test 
to distinguish 200 series from 300 series 
stainless steel. 110 
Investment Casting Alloys. Wai-Met Alloys 
Co., 4 pp, illus. Information on tool and 
Stainless steel certified alloys for investment 
castings i111 
Stainless Steel. Wallingford Steel Co., 52 pp. 
Chemical composition, comparative proper- 
ties, corrosion resistance, tolerances and fab- 
rication of stainless steel. 112 
Stainless Steel. Washington Steel Corp., 32 
pp. illus. Physical properties, composition, 
fabrication, corrosion and heat resistance. 
and cleanability of special purpose stainless 
steel sheet and strip. 113 
Stainless Steel Castings. Waukesha Foundry 
Co., Castings Div., 8 pp, illus., No. SS. Physi- 
cal properties and uses of martensitic, ferritic 
and austenitic stainless steel castings. 114 
Metal Stampings. Worcester Pressed Steel Co., 
8 pp, illus. Company faciiities for custom 
metal stampings 11 
Low Alloy Steel. Youngstown Sheet & Tube 
Co., 4 pp, illus. Physical properties, corrosion 
resistance and chemical composition of a high 
strength low alloy steel called Yoloy BE. 116 
Cold Rolled Metal. Yoder Co., 88 pp, illus. 
Use of cold formed moldings, trim and tubular 
shapes in a number of products. 117 


Nonferrous Metals 
@ Parts @ Forms 


Aluminum Electrical Windings. Aluminum Co 
of America. Slide rule for selecting dimensions 
of aluminum foil or sheet for use in strip- 
wound electrical coils. 119 
Aluminum Castings. Aluminum Permanent 
Mold Co., 4 pp, illus. Facilities for aluminum 
permanent mold and sand castings. 120 
Aluminum, Magnesium Castings. American 
Brake Shoe Co., Light Metals Dept., 6 pp, 
illus. Mechanical properties and specifications 
for sand, permanent mold and plaster mold 
aluminum and magnesium castings. 
Nonferrous Shapes. American Brass Co., 20 
pp, illus., No. B-28 S. Composition, forms and 
physical properties of copper, bronze, nickel 
silver, phosphor bronze, leaded brass and spe- 
cial brass alloys. 122 
Copper Anodes. American Metal Climax, Inc., 
8 pp, illus., No. CA-15. Basic types of copper 
anodes available to the plating industry. 
Shows how OFHC copper is made. 123 
Rare Earths. Lindsay Chemical Div., American 
Potash & Chemical Co., 12 pp, illus. Describes 
company’s work in the rare earth field. 124 
Bearing Bronze. American Smelting & Refin- 
ing Co., Continuous-Cast Products Dept., 6 
pp, illas., No. 301. Gives stock sizes and 
weights for solid and hollow continuous-cast 
bronze bars % to 9 in. in dia. 12s 
Fusible Alloys. American Smelting & Refining 
Co., Federated Metals Div., 32 pp, illus. 
Properties and uses of low melting fusible 
alloys composed of two or more of the me- 
tallic elements bismuth, lead, tin, cadmium 
and indium. 126 
Bronze Alloys. Ampco Metal Inc., 20 pp, 
illus., No. 33d. Chemical composition, physical 
and mechanical properties, and uses of alumi- 
num bronze alloys. Information also on sand 
and centrifugal castings, extrusions, forgings. 
and sheet and plate made of these alloys. 127 
Investment Castings. Arwood Precision Cast- 
ine Cerp., 56 Washington St., Brooklyn 1, N.Y 
Nine different applications of the investment 
casting process. Write on company letterhead 
directly te Arwood. 
Investment Castings. 
Inc., Miereeast Div., 


Austenal Laboratories, 
12 pp, illus. Describes 
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Microcast process and gives properties of in- 
vestment cast alloys. 128 
Nonferrous Tubular Parts. Bead Chain Mfg. 
Co., 12 pp, illus. Specifications, installation 
data and ordering instructions for small, hol- 
low tubular parts made of brass and copper. 
129 

Cannon-Muskegon Corp., 
9 pp, illus. No. 86. Thermal conductivity, 
oxidation resistance, formability, and yield 
and tensile strength of a vacuum melted 
nickel-base alloy called René 41. 130 
Low Meliting Alloys. Cerro De Pasco Sales 
Corp., 8 pp, illus., No. J4. Sixty-three appli- 
cations of low melting Cerro Alloys in the 
metalworking field. 131 
W. M. Chace Co., 40 pp, illus. 
uses of bimetals as actuating 
temperature responsive devices 
132 

Die Pressed Brass Forgings. Chase Brass & 
Copper Co., 4 pp, illus. Three-dimensional 
photographs compare die pressed brass forg- 
ings and brass sand castings. 133 
Metal Powder Parts. Compacted Metal Corp., 
8 pp, illus. Cost savings possible with metal 
powder parts. Physical characteristics and de- 
sign pointers for metal powder parts. 134 
Copper-Base Alloys. Copper & Brass Research 
Assn., 25 pp, illus. Properties, machinability, 
uses and specifications for copper, zinc 
brasses, tin brasses, nickel silvers, phosphor 
bronzes, and aluminum bronzes and brasses 
13 


Nickel-Base Alloy. 


Bimetals. 
Twenty-four 
elements in 


Magnesium Alloys. Dow Chemical Co., Mag- 
nesium Dept., 26 pp, illus., No. 141-187. 
Characteristics, design information, fabrica- 
tion data and high temperature properties of 
various magnesium-thorium alloys. 136 
Silver Brazing Alloys. American Platinum 
Silver Div., Engelhard Industries, Inc., 4 pn», 
illus. Chemical composition, melting point, 
uses and brazing instructions for eight silver 
brazing alloys. 1 

Precious Metals. Engelhard Industries, Inc., 
D. E. Makepeace Co. Div., illus. Describes 
solid and laminated precious and base metals 
for chemical and electrical equipment. 138 
Tantalum Sheet, Foil. Fansteel Metallurgical 
Corp., Metals & Fabrication Div., 6 pp, No. 
2.602-1. Ordering data, prices, sizes and 
tolerances for tantalum sheet and foil. 139 


Aluminum Alloy. Frontier Bronze Corp., 24 
pp, illus. Describes Alloy 40-E, a high strength 
aluminum alloy that needs no heat treatment. 

140 


Nonferrous Metal Powders. Glidden Co., 
Chemical-Pigments-Metal Div., 6 pp. Informa- 
tion on lead and Resistox copper powders. 141 
Copper and Brass Tubing. H & H Tube & 
Mfe. Co. Describes a complete line of copper 
and brass tubing 142 
Brazing Alloys. Handy & Harman, 4 pp, illus., 
No. 79. Advantages of silver alloys for braz- 
ing radiators, bar contacts and die inserts 

143 


Investment Castings. Hitchiner Mfg. Co., 16 
pp, illus. Outlines major advantages of both 
ferrous and nonferrous investment castings. 

144 


Indium Alloys. Indium Corp. of America, 93 
pp, graphs. Constitution of indium alloy 
systems. 145 


Beryllium Copper Parts. Instrument Specialties 
Co., Inc., 20 pp, illus., No. 10. Design infor- 
mation, properties and uses of beryllium cop- 
per springs and screw machine products. 146 


Precision Die Castings. Jelrus Precision Cast- 
ine Corp., 4 pp, illus. Illustrates cost savines 
obtainable by using nonferrous precision die 
castings 147 


Nickel-Base Alloy. Kelsey-Hayes Co., Metals 
Div., 16 pp, illus. Forms, uses, composition, 
physical properties. heat treatment and ma- 
chining of Udimet 500, a nickel-base high tem- 
perature alloy. Graphs give stress-rupture, 
creep and fatigue properties. 148 


Aluminum Steel Shims. Laminated Shim Co. 
Specifications and dimensions for laminated 
shims made of aluminum, as well as stainless 
steel, brass and mild stee’ 1 


Contact Materials. Leach & Garner Co., In- 
dustrial Div., 4 pp. Information on gold, silver, 
palladium, platinum and copper alloys for use 
as contact materials. 150 


Extruded Aluminum. Light Metals Corp., 6 pp. 
Illustrates such extruded aluminum parts as 
trim, glass frames and supports. 151 
Metal Alloy Products. Little Falls Alloys, Inc., 
2 pp, illus. Use of copper, titanium, aluminum 
and nickel alloys in various products. 152 


Magnesium-Zirconium Alloys. Magnesium Elek- 
tron, Inc., 16 pp, illus. Weight, physical prop- 
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erties and applications for magnesium-zirconi- 
um sheet, extrusions and forgings. 153 
Alloying Metal. Mallinckrodt Chemical Works, 
6 pp, illus. Discusses the use of misch metal 
(cerium) in high nickel alloys, magnesium and 
nodular iron. 154 
Machining Castings. Meehanite Metal Corp., 24 
pp, illus., No. 29. Tells how to machine Meeha- 
nite alloy castings. Gives details as to feeds, 
speeds, depths of cut and type of tool. 155 
Clad Metals. Metals & Controls Corp., General 
Plate Div., 12 pp, illus., No. GP-1. Design in- 
formation, properties and uses of precious and 
clad metals, thermostat metals and solid and 
clad precious metals. 

Phosphor Bronze. Miller Co., Rolling Mill Div., 
4 pp, illus. Composition, properties, uses and 
availability of phosphor bronze coils and flat 
lengths. 157 
Impact Extrusions. Mueller Brass Co. Mechani- 
cal properties and dimensional tolerances of 
round, rectangular and square impact extru- 
sions. 1s8 
Precious Metal Parts. J. M. Ney Co., 74 pp, 
illus. Information on small parts made of vari- 
ous precious metals. iss 
Metal Powder Parts. Norwalk Powdered Metals, 
Inc., 4 pp, illus. Information on metal powder 
parts made of bronze, brass, copper, iron and 
alloy steels. 160 
Nonferrous Castings. Ohio Precision Castings, 
Inc., 16 pp, illus. Information on castings 
made from brass, bronze, aluminum and beryl- 
lium copper. 

Wrought Copper. Metals Div. of Olin Mathie- 
son Chemical Corp., 14 pp, illus. Corrosion 
resistance, composition, available forms and 
physical properties of wrought copper and 
copper-base alloys. 162 
Metal Stampings. Reichert Float & Mfg. Co., 
8 pp, illus. Shows facilities for special form- 
ing and deep drawing intricate, light and 
heavy metal stampings. 163 
Spun Metal Parts. J. Schrader Co., 12 pp, 
illus. Information on spun metal parts made 


from aluminum, copper and all types of steel 
% in, thick. 
164 


in sizes up to 85 in. in dia by 
Brass, Bronze Bars. I. Schumann & Co., 16 
pp, illus. Compares uniformity and purity of 
brass and bronze ingots made by a new process 
with bars made by conventional methods. 165 
Extruded Brass Wire. Scovill Mfg. Co., 4 pp, 
illus. Characteristics, temper, coil sizes, weight 
and composition of extruded brass wire. 166 
Tin-Plated Nonferrous Strips. Somers Brass 
Co., 1 p, illus. Data and specification sheet 
covering tin plating of « wide range of non- 
ferrous thin metal strips. 167 
Welded Honeycomb Core. Swedlow Inc., 10 pp, 
illus., No. N. Heat resistance, strength-weight 
ratios and compression strength of welded 
honeycomb cores made of stainless steel, tita- 
nium and Inconel X. 168 
Tungsten. Sylvania Electric Products, Inc., 
Chemical & Metallurgical Div., 20 pp, illus. 
Chemical, physical and electrical properties of 
tungsten. Information on tungsten rod and 
wire. 169 
Steel-Clad Copper Wire. Sylvania Electric 
Products Inc., Parts Div., 4 pp. Conductivity, 
composition, availability, standard tolerances, 
uses and mechanical properties of a stainless 
steel-clad copper wire. 

Brazing Alloys. Western Gold & Platinum Co., 
5 pp, No. V-124. Composition, liquidus and 
solidus temperatures, characteristics and prices 
of precious metal brazing alloys. 171 
Magnesium, Aluminum Alloys. White Metal 
Rolling & Stamping Corp., 54 pp., illus. Infor- 
mation on magnesium and aluminum extru- 
sions and mill products. Gives machining and 
cutting information, properties, characteristics, 
chemical compositions and uses of various 
magnesium and aluminum alloys. 


Plastics & Rubber 
e@ Parts @ Forms 


Acrylic Rods, Shapes. Ace Plastics Co., 2 pp, 
illus. Sizes, uses and dimensions for acrylic 
rods, tubes and shapes. 176 
Plastics, Hard Rubber. American Hard Rub- 
ber Div., Amerace Corp., 80 pp, illus. Design 
information on hard rubber, plastics and rub- 
ber-plastic blends. 177 
Plastics Compounds. American Cyanamid Co., 
Plastics & Resins Div., 16 pp, illus. Physical, 
mechanical and electrical properties of urea 
formaldehyde and methylstyrene molding com- 
pounds. 178 





Sealing Compound. Presstite-Keystone Engi- 
neering Products Co., Div. of American Mari- 
etta Co., 2 pp, illus. Properties, uses and in- 
stallation data for a sealing compound that 
performs well in an alternating freezing and 
thawing environment. 179 
Plastics Parts. American Plastics Corp., 4 pp, 
illus. Data on vacuum formed and injection 
molded plastics parts. 180 
Conductive Gasketing. Auburn Mfg. Co., 1 p. 
Dimensional data and specifications for a flexi- 
ble gasketing materia! made of aluminum 
wire cloth and neoprene rubber. 181 
Nylon Resins. Belding Corticelli Industries, 17 
pp. Physical and chemical properties for a 
series of nylon resins. 182 
Epoxy Resin. Carl H. Biggs Co., Inc., 8 pp. 
Two bulletins give physical, chemical and 
electrical properties, 
ing resins. 
Plastics Product Specs. Borden Chemical Co., 
Div. of Borden Co., 10 pp. Adhesives, coatings, 
sealers and vinyl tubing complying with U. S. 
Government specifications. 184 
Butyrate Pipe. Busada Mfg. Corp., 4 pp, illus. 
Uses, general characteristics, prices and sizes 
of butyrate pipe and fittings. 
Cast Acrylic Sheet. Cast Optics Corp., 4 pp, 
illus. Lists grades available, typical uses, sheet 
sizes, thicknesses and other features of a cast 
acrylic sheet. 186 
Cellulose Acetate Films. Celanese Corp. of 
America, Plastics Div., 6 pp, No. F1A. Mechani- 
cal and electrical properties, and uses of cel- 
lulose acetate films. 187 
Impact Styrene Sheet. Chicago Molded Prod- 
ucts Corp. High-gloss surface finish for impact 
styrene sheet. 188 
TFE Gaskets. Chicago Rawhide Mfg. Co., Sir- 
vene Div., 4 pp, illus., No. CT-1. Properties of 
Sirvene TFE packings, bearings, gaskets and 
rings. 1 
Vinyl for Metal Laminate. Columbus Coated 
Fabrics Corp., 12 pp, illus. Describes Col-O- 
Vin, a semi-rigid vinyl sheeting which can 
be bonded to steel or nonferrous metals. 199 
Plastics Sheets. Commercial Plastics & Supply 
Corp., 64 pp. Prices for Plexiglass, acrylic, 
TFE and Kel-F rods, tubes, tape, bar, sheets 
and slugs. i191 
Molded and Extruded Rubber. Continental 
Rubber Works, 8 pp, No. 100. Dimensions of 
molded and extruded rubber with cross-section- 
al illustrations. 
Sheet Packings. Crane Packing Co., 8 pp, illus., 
No. P-328. Uses, strength and dimensions of 
asbestos, natural rubber, neoprene, silicone, 
fiber and TFE sheet packings. 
Polyurethane Foam. Dayton Rubber Co., Ameri- 
can Latex Products Corp. Div. Uses, formula- 
tions and physical properties for rigid, semi- 
rigid and flexible polyurethane foams. 194 
Synthetic Rubber. E. I. du Pont de Nemours & 
Co., Inc., Elastomer Chemical Dept., 8 pp, 
illus., No. 81. “Elastomers Notebook” gives 
mechanical properties, uses, availability and 
chemical resistance of Viton synthetic rubber. 
195 


Plastics Laminates. Food Machinery & Chemi- 
cal Corp., Chemicals & Plastics Div., 13 pp, 
No. 19. Information on decorative plastics 
laminates made from diallyl phthalate resins. 

196 
Fluorocarbon Lining. Garlock Packing Co., 
2 pp, illus. Shows applications of a Kel-F 
plastics laminate as a lining material. 197 
Phenolic Resins. General Electric Co., Chemi- 
cal Materials Dept., 8 pp, illus., No. CDC-358. 
Physical and mechanical properties, and uses 
of phenolic resins, molding powders, laminat- 
ing varnishes, foundry resins and coating 
resins. 198 
Silicone Rubber. General Electric Co., Silicone 
Products Dept., No. CDS 170. Information on 
RTV (room temperature vulcanizing) silicone 
rubber for potting and encapsulating, mold 
making, sealing and calking. 199 


Polystyrene Sheet. Gilman Bros. Co., 4 pp, 
illus. Information on a high impact polysty- 
rene sheet for vacuum forming. 200 


Cellular Rubber, Plastics. B. F. Goodrich Co., 
Sponge Products Div., 8 pp, illus. Properties 
and uses of cellular rubber and plastics sheets, 
shapes, tubing and molded forms. 201 


Polyester Film. Goodyear Tire & Rubber Co., 
Films & Flooring Div., 12 pp, illus. Physical, 
electrical and thermal properties, chemical 
resistance and uses of polyester films. 202 


High Density Polyethylene. W. R. Grace & 
Co., Polymer Chemicals Div., illus. Two book- 
lets on high density polyethylene. One dis- 
cusses injection molding of high density pely- 
ethylene; the other discusses the extrusion of 
this material into film, sheet and tubing. 203 


and uses of epoxy bond- 
183 


Phenolic Molding Compound. Durez Plastics, 
Div. of Hooker Chemical Corp., 6 pp, No. D- 
203. Molding instructions; uses; dimensional 
stability; physical, mechanical and electrical 
properties; and chemical and heat resistance 
of a fiberglass reinforced-phenolic molding 
compound. 204 
Tooling Plastics. Houghton Laboratories, Inc., 
No. T-21. Information on laminating resins 
used in combination with glass cloth for the 
production of dimensionally stable plastics 
tools. 205 
Electrical insulation. Johns-Manville Corp., 2 
pp. Thermal stability, dielectric strength, me- 
chanical and chemical properties, and electri- 
cal properties after aging of a silicone- 
asbestos electrical insulation. 206 
Expandable Polystyrene. Koppers Co., Inc., 
Chemical Div., 12 pp, illus. Describes products 
that can be made with Dylite, an expandable 
polystyrene. 

Injection Molded Plastics. Lincoln Molded 
Plastics, Inc., 12 pp, illus. Company’s facili- 
ties for designing and producing any type of 
injection molded plastics part regardless of 
size or complexity. 208 
Lead-Filled Epoxy. Marblette Corp., 1 p. Gives 
properties and fabricating data for a lead- 
filled epoxy casting material used for shield- 
ing against radioactivity. 209 
Polyester Film. Minnesota Mining & Mfg. Co., 
Reinforced Plastics Div., 6 pp, illus. Describes 
development of Scotchpak polyester film and 
shows various applications of the material. 210 
Gilass-Reinforced Plastics. Molded Fiber Glass 
Co., 16 pp, illus. Fabricating data, and me- 
chanical, electrical and chemical properties of 
glass-reinforced plastics. 211 
Sandwich Core. Narmco Resins and Coatings 
Co., 6 pp. Formable core material for alu- 
minum sandwich constructions where small- 
radius curves are needed. 212 
Filled Nylon. National Polymer Products, Inc., 
4 pp, illus. Sizes, shapes, properties and uses 
of molybdenum disulfide-filled nylon parts. 213 
Punching Grade Laminates. National Vulcan- 
ized Fibre Co., 1 p. Electrical, mechanical, 
physical and general properties of a punching 
grade plastics laminate. 

Foamed Plastic. Nopco Chemical Co. Uses of 
Nopco-foam, a flexible foamed plastic. 215 
Glass-Reinforced Plastics. Owens-Corning Fi- 
berglas Corp., Plastics Reinforcement Div., 8 
pp, illus. Properties and uses of fiberglass- 
reinforced phenolic, melamine, epoxy, silicone, 
polyester and TFE resins. 2 
Polyethylene Resins. Phillips Chemical Co., 
Plastics Sales Div., 14 pp, illus. Shows hun- 
dreds of products made of polyethylene. In- 
formation on coloring, fabrication, heat and 
chemical resistance, and strength. 217 
Shell Molding. Plastics Engineering Co., 18 
pp, illus. Analyzes shell molding process with 
description of resins developed for manufac- 
turing shell molds. 21 
Precision Molded Parts. Raybestos-Manhattan, 
Inc., Equipment Sales Div., 16 pp, illus., No. 
550. Precision molded products for automotive, 
industrial, household appliance and special 
applications. 219 
Epoxy Resins. Reichhold Chemicals, Inc., 16 
pp, Nos. ER-1, 2, 3, 4, 5 and 6. Hand lay-up, 
casting and potting procedures, properties, 
uses and storage life of epoxy resins and 
hardeners. 220 
Reinforced TFE. Rogers Corp., 10 pp. Physical 
and electrical properties, wear, chemical and 
heat resistance, and uses for reinforced TFE 
back-up rings, sheets, rods and tubes. 221 
PVC Sheets. Seiberling Rubber Co., Plastics 
Div., 4 pp. Physical, chemical, electrical and 
thermal properties of an unplasticized poly- 
vinyl chloride sheet material. 222 
Polyvinyl! Alcohol. Shawinigan Resins Corp., 
20 pp, illus. Properties, oil and solvent resist- 
ance, grades and characteristics of “‘Gelvatol”’ 
polyvinyl alcohol. 223 
Vulcanized Fibre. Spaulding Fibre Co., Inc., 
4 pp. Physical properties, dimensions and uses 
of vulcanized fibre sheet. 224 
Small Plastics Parts. Standard Plastics Co., 
Inc., 8 pp, illus. Describes a custom service 
for molding thermoplastic and thermosetting 
resins into small plastics parts, such as 
lenses, bearing and jewelry. 225 





To get suppliers’ free literature use 
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Rubber Parts. Stillman Rubber Co., 24 pp, 
illus. Typical products and facilities for mak- 
ing custom molded rubber parts. 226 
Laminated Plastics. Synthane Corp., 28 pp, 
illus., No. 8-358-75. Chemical resistance, me- 
chanical, electrical and physical properties, 
and design information for asbestos, paper 
and glass-base laminated plastics. 227 
Synthetic Rubbers. Texas-U. S. Chemical Co., 
260 Madison Ave., New York 16, 60 pp. Speci- 
fications, physical and chemical properties, 
and standard recipes for butadiene-styrene 
rubbers. Write on company letterhead directly 
to—Texas-U. 8S. Chemical Co. 

Plastics Resins. Union Carbide Plastics Co., 
Div. of Union Carbide Corp., 12 pp, illus. 
Strength, chemical, heat and moisture resist- 
ance, electrical properties and uses of the 
company’s line of plastics resins including 
phenolics, vinyls, styrenes, epoxies and poly- 
ethylenes. 228 
Silicone Compounds. Union Carbide Corp., 
Silicones Div., 8 pp, illus., No. SP-1010A. 
Outlines uses and properties for a line of 
organo-silicone polymers with unusual lubri- 
cating and solubility properties. 229 
Plastics, Synthetic Rubber. U. S. Rubber Co., 
Naugatuck Chemical Div., 36 pp, illus. Prop- 
erties and uses of synthetic rubber, reclaimed 
rubber, natural and synthetic latex, thermo- 
plastic materials and PVC resins. 2 
Silicone Rubber. Colonial Rubber Co., Div. of 
U. 8S. Stoneware Co., 3 pp. Physical properties, 
sizes and uses of 50, 70 and 80 Durometer 
silicone rubber sheets. 231 
Rubber Products. Williams-Bowman Rubber 
Co., 12 pp, illus. Information on natural, 
synthetic and silicone rubber rings, gaskets, 
washers, tubing, cords, sheets and bar bump- 
ers. 232 
Stabilizing Vinyl Resins. Witco Chemical Co., 
24 pp. Discusses various types of stabilizers 
for vinyl resins. 233 


Other Nonmetallics 
e Parts @ Forms 


Felts. American Felt Co., 8 pp, illus. No. 
18. Decribes a line of felts and explains with 
charts and diagrams their properties and 
characteristics. 237 
Refractory Linings. Babcock & Wilcox Co., 
Refractories Div., 8 pp, illus., No. R-43. Des- 
cribes relationship between heat losses and 
weight of refractory linings. 238 
Insulating Paper. Case Brothers, Inc. Proper- 
ties and uses of various Kraft and rag grades 
of insulating papers and boards. 239 
Flocked Paper. Cellusuede Products, Inc., illus. 
Sample kit containing actual swatches of 
colored flocked paper. Suggestions for cutting, 
folding and printing the flocked paper. 240 
Glass Fabrics. Coast Mfg. & Supply Co., 20 
pp, illus. Properties and uses of plain, finished 
and impregnated glass fabrics. 241 
Alumina Ceramics. Coors Porcelain Co., 4 pp, 
illus., No. 858. Mechanical and electrical prop- 
erties, dimensional data and design informa- 
tion for high strength alumina ceramics for 
use in rockets and missiles. 242 
Glass. Corning Glass Works, 16 pp, illus., No. 
B-83. Mechanical, thermal, electrical and 
chemical properties of alumino-silicate glass 
and radiotron tube and capacitor glass. 243 
TFE-Coated Glass Fabrics. E. I. du Pont de 
Nemours & Co., Inc., Fabrics Div., 4 pp. Elec- 
trical, mechanical, chemical, thermal and 
forming properties of TFE-¢lass fabrics, as 
well as toxicity precautions and suggested 
uses. 244 
Thermal insulation. Dyna-Therm Chemical 
Corp., 4 pp, illus. Information on a mastic- 
type chemical coating designed as a high heat 
insulating material and an erosion and cor- 
rosion resistant coating. 245 
Fused Silica, Quartz. Amersi] Quartz Co., Div. 
of Engelhard Industries, 10 pp, illus. Mechani- 
cal and electrical properties, uses, heat re- 
sistance, handling information and optical 
properties for fused quartz and silica. 246 
Impregnated Feit. Felters Co., 4 pp, illus. 
Properties and uses for a thermoplastic resin- 
impregnated felt that can be een 
stitched and heat sealed. 247 
Brake Linings. World Bestos Div., Firestone 
Tire & Rubber Co., 4 pp, illus. Briefly de- 
scribes heat resistance and service life of the 
company’s brake linings. 248 
Ceramic Parts. Centralab Div., 
Ine., 16 pp, illus. Properties 
alumina and other ceramic materials. 
mation on metallizing ceramics. 
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Graphite Specialties Corp., 
No. GS-101-1. Chemical and physical 
erties of an impervious graphite for 
temperature parts. 


Graphite. 


Brothers, Inc., 


Specialty Papers. Knowlton 
Information 


Watertown, N. Y., 12 pp, illus 
on a line of specialty papers for facsimile 
transmission, filtering, electronic laminates, 
and radio and TV speakers. Write on com- 
pany letterhead directly to Knowlton 


Lithium Products. Lithium 
Inc 4 pp. Properties and 
metal derivatives and special 
compounds 


of America, 
lithium 
ceramic 

251 


Corp 
uses of 
lithium 


industrial Ceramics. McDanel Refractory Por- 
celain Co., 4 pp, No. D358. Physical proper- 
ties, design information and fabricating data 
for alumina, porcelain and zirconia ceramics. 

252 


Corp., 24 
carbide 
cold 
253 


Insulation. Mica Insulator Div., Minne- 
& Mfe. Co., 20 pp, illus. Thick- 
strengths of mica rings, 
insulations. 254 


illus 
sizes 
255 


Glass-Bonded Mica. Mycalex Corp. of America, 
24 pp, illus. Physical, electrical and thermal 
properties, and dimensional tolerances of 
ceramo-plasiics and glass-bonded micas. 256 


illus 
grade 


Carbides 
tungsten 
and 


Tungsten Carbide. Metal 
pp, illus Information on 
products produced by both hot 
pressed methods 


Mica 
sota Mining 
and dielectric 
and tapes for electrical 


nesses 
tubes 
Carbon Parts. Morganite, Inc 12 pp, 
Chemical and physical properties, and 
of carbon parts 


Norton Co., 


Fused Magnesium Oxide. 
electrical 


Properties and uses of an 
fused magnesium oxide 257 
Norton Co., Refractories 
Div 12 pp, illus. Sizes, uses and availability 
of alumina, silicon carbide, magnesia and 
uranium oxide crucibles for metal melting 

258 


Ceramic Crucibles. 


Carbon Graphite. Pure Carbon Co., Inc., 12 
pp, illus., No. 55. Catalog on carbon graphite 
for mechanical applications 259 


Carbon Co., 8 pp, 
and properties of 
260 


Uses of Graphite. National Carbon 
of Union Carbide Corp., 8 pp, illus., 
No. S-4905. Physical properties, heat and cor- 
rosion resistance, machinability and strength 
of manufactured graphite for nuclear applica- 
tions 261 


Acrylic Fiber. 


Speer 
sizes 
products 


Graphite Products. 
No. AD. Uses, grades 
zraphite and carbon 


Nuclear 
Co., Div 


Chemicals Div., 
Carbide Corp., 
acrylic fiber is 
and uses in 
262 

Felt Works, Treated 
and uses of felts 
and polyethylene 
263 


Union Carbide 
Textile Fibers Dept., Union 
16 pp, illus. How Dynel 
made. Outlines its properties 
industrial fabrics 
Treated Felts. Western 
Felts Section. Properties 
treated with TFE, polyester 
resins. Contains samples 


Finishes @ Cleaning & Finishing 


Colloidal Dispersions. Acheson Colloids Co., 4 
pp. Gives properties and uses of colloidal and 
semicolloidal dispersions of graphite, molyb- 
denum disulfide and mica 267 
Hot Dip Galvanized Coatings. American Hot 
Dip Galvanizers Assn., Inc., 16 pp, illus 
Description of hot dip galvanizing process in 
industrial and consumer applications 

Conversion Coatings. Chemical Corp., 42 pp 
Bath make-up and operating conditions for a 
number of conversion coatings for zinc and 
cadmium 269 
Vapor Spray Degreasers. Detrex Chemical In- 
dustries Inc., 4 pp, illus. Describes open top 
degreasers for pure vapor degreasing, spray 
flushing with oil-free selvent distillate and 
final pure rinse 270 
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Biack Oxide Finish. Du-Lite Chemical Corp. 
Information on finishes for steel blackening. 
Also information on Du-Lite cleaner, stripper 
and burnishing compounds. 
Bright Nickel Plating. Harshaw Chemical Co., 
Scientific Div., 4 pp, illus. Advantages of 
Nubrite bright nickel plating process. 273 
Bright Copper Electroplates. Lea Mfg. Co., 22 
pp. Discusses bright copper electroplates and 
gives bath compositions and operating con- 
ditions of plating tanks. 274 
Multicolor Enamel. Maas & Waldstein Co., 2 
pp. No. 520. Data sheet for industrial multi- 
color enamels 275 
Tungsten Carbide Coating. Metallizing Engi- 
neering Co., Inc., 4 pp, illus., No. 139. Wear 
resistance, strength and uses of a tungsten 
carbide hard facing powder 2 
Silicone-Base Coatings. Midland Industrial Fin- 
ishes Co., 4 pp, illus. Heat, chemical and cor- 
rosion resistance, application data and uses 
of silicone-base coatings 277 
Vacuum Metallizing. NRC Equipment Corp., 8 
pp, illus. Gives a step-by-step description of 
the vacuum metallizing process for coating 
Plastics, metals and wood 278 
Ultrasonic Cleaner. Narda Ultrasonics Corp., 
2 pp. Operational data, uses, dimensional 
data, prices and features of an ultrasonic 
cleaner 279 
Metal Cleaners. Northwest Chemical Co., 4 
pp. Information on immersion, electrolytic and 
spray cleaners for die castings, steel, copper 
and aluminum 280 
Phosphate Coating. Parker Rust Proof Co. 
4 pp, illus. July-Aug issue of ‘“Parkerizer”’ 
discusses use of Bonderite phosphate coatings 
on gasoline pumps, electric typewriters, micro- 
film cameras and electronic file computers. 
281 
Plastics Coatings. Prufcoat Laboratories, Inc., 
4 pp, No. 301. Chemical resistance, properties 
and uses of vinyl, acrylic, styrene-butadiene, 
epoxy, phenolic and silicone paints for wood 
metals and masonry 282 
Textured Finishes. Raffi & Swanson, Inc., 4 
pp, No. 115. Describes one coat, sprayable, 
textured finishes for wood and metal. 283 
Electrostatic Spray Painting. Ransburg Elec- 
tro-Coating Corp., 16 pp, illus. Typical on- 
the-line examples of the Ransburg No. 2 
process of electrostatic spray painting. 284 
Thermosetting Adhesives. Raybestos-Manhat- 
tan, Inc., Adhesives Dept., 4 pp, No. 650A 
Uses, shear strength values, heat resistance 
and application data for thermosetting adhe- 
sives 285 
Platinum Electroplate. Sel-Rex Corp., Precious 
Metals Div., 3 pp. Properties and uses of a 
low stress platinum electroplate. 286 
Epoxy Coatings. Shell Chemical Corp., Plastics 
& Resins Div., 12 pp, illus. Flexibility, adhe- 
sion, and color and gloss retention for epoxy 
coating materials 287 
Gold Coatings. Technic Inc., 4 pp. Outlines 
use of a hard bright cold coating on wave- 
guides, resistors, switches, alarms, safety de- 
vices and electrical contacts. 288 
Aluminum Coating. Arthur Tickle Engineering 
Works, Inc., 4 pp, illus. Gives a step-by-step 
description of a process for bonding aluminum 
to steel. Tab'e compares corrosion resistance 
of aluminum-coated samples with that of 
uncoated samples 289 
Nylon Screws. Weckesser 
Installation data for black 
nuts 


illus. 
and 


Co., 
nylon 


3 pp, 
screws 


Joining & Fastening 


Fastener Sealant. American Sealant Co., 4 pp. 
illus. Information on a sealant used to seal 
mechanical fasteners in place 294 
Nylon Fasteners. Anti-Corrosive Metal Prod- 
ucts Co., Inc., 4 pp, illus. Elasticity and 
resiliency, insulation characteristics, and heat 
and solvent resistance of nylon fasteners. 293 
Fasteners. Boots Aircraft Nut Corp., 6 pp, 
illus. Information on threaded inserts for 
Sheet metal assembly and other uses. 295 
Iron Powder Electrodes. Champion Rivet Co., 
8 pp, illus. Lists current ranges, mechanical 
properties and deposition rate of four iron 
powder electrodes for arc welding. 296 
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Lock Fasteners. Continental Screw Co., 4 pp, 
illus. Use of Nylok self-locking screws and 
bolts in lawn mowers, faucets, door handles 
and washing machines 297 
Die Cast Nuts. Gries Reproducer Corp., 3 pp, 
Standard specifications covering all types of 
zinc die cast threaded fasteners. 298 
Lock, Weld and Clinch Nuts. Grip Nut Co., 
12 pp, illus. Specifications and applications 
for Gripco fasteners. 299 
Inserts. Groov-Pin Corp. Self-tapping insert 
used as original equipment, and for salvage 
and repair of stripped threads. 300 
Arc Welding. Hobart Brothers Co., 16 pp, 
illus., No, 4. Features time and money saving 
applications obtained by using arc one. 

31 


Self-Locking Nuts. Mac Lean-Fogg Nut Co., 8 
pp, illus., No. 7-Ma. Properties, uses and di- 
mensions of self-locking nuts. 301 
Steel Fasteners. Nut-Shell Co., 53 pp, illus. 
Series of specification sheets giving dimen- 
sional data, part number, weight, type of 
material and finish for self-locking, hex, mini- 
ature, dome and right angle steel nuts. 302 
Adhesives. Products Research Co., 64 pp, illus. 
Heat and chemical resistance, low tempera- 
ture flexibility, bond strength and uses of 
polysulfide rubber adhesives and coatings. 303 
Lock Screw Fasteners. Russell, Burdsall & 
Ward Bolt & Nut Co., 3 pp, illus. Advantages 
and dimensions of spinlock screws. 304 
Set Screws. Set Screw & Mfg. Co., 28 pp, 
illus., No. 21. Information on self-tapping and 
stainless steel set screws 305 
Seif-Locking Fasteners. Simmons Fastener 
Corp., 42 pp, illus. No. 1257. Detailed speci- 
fications, engineering drawings, applications 
and installation data for special self-locking 
fasteners 

Fastening Analysis. Tinnerman Products, Inc., 
4 pp, illus., No. 336. Describes a fastening 
analysis service for reducing costs and speed- 
ing production of such products as washing 
machines, toys and automobiles. 311 


Cold Headed Fasteners. Progressive Mfg. Co., 
Div. of Torrington Co., 16 pp. How cold head- 
ing saves waste, improves design and adds 
strength to various types of fasteners. 307 
How to Braze. United Wire & Supply Corp., 
4 pp, illus. Directions on how to braze thread- 
less fittings to seamless tubing to obtain a 
strong, noncorrosive, pressure tight joint. 308 
Resistance Welding. Unitek Corp., 6 pp. De- 
scribes bench mounted precision resistance 
welder for joining small metal assemblies. 309 


Methods & Equipment e Testing 


Hardness Tester. Wilson Mechanical Instru- 
ment Div., American Chain & Cable Co., Inc., 
2 pp, illus., No. TT-58. Dimensions, features, 
operational data and prices of a Rockwell 
hardness tester. 313 
Springs. Associated Spring Corp., 8 pp, illus., 
No. 17. Outlines causes of spring failures and 
shows how to correct them. 314 
Fatigue Testers. Baldwin-Lima-Hamilton Corp., 
Electronics & Instrumentation Div., 12 pp, 
illus., No. 4217. Operating instructions and 
features of multi-range fatigue testers. 315 
Induction Hardening. Cincinnati Milling Ma- 
chine Co., Meta Dynamics Div., 4 pp, illus. 
Describes an induction hardening machine. 316 
Industrial Radiography. Eastman Kodak Co., 
X-Ray Div., Rochester 4, N. Y., 140 pp, illus., 
price $5. Use of radiogrenhy for industrial 
inspection. Write on company letterhead di- 
rectly to Eastman Kodak. 

Heating Unit. Lepel High Frequency Labora- 
tories, Inc., 1 p, illus. Outlines andvantages 
and operation of a high frequency portable 
heating unit for bonding stranded wire and 
localized annealing of spring wire. 317 
Vacuum Furnaces. Kinney Mfg. Div., New 
York Air Brake Co., 28 pp, illus. Describes 
high vacuum furnaces for heat treating, an- 
nealing, brazing, melting, alloying and stream 
degassing of metals. 318 
Wax Injection Presses. Alexander Saunders & 
Co., 9 pp, illus., No. WP 57. Dimensional data, 
specifications, features and prices of wax in- 
jection presses. 319 
Stiffness Tester. Taber Instruments Corp., 4 
pp, illus., No. 5705. Description, uses, features 
and operation of a stiffness tester fer metals, 
plastics and paper. 323 
Testing Materials. United States Testing Co., 
Inc., 6 pp, illus. Information on testing, de- 
sign and development of adhesives, ceramics. 
fabrics, metals, plastics and rubber. 321 








In 6 steps 





with Bethlehem cold-heading wire 


Using Bethlehem C4037 heading-quality 
wire, this 4 by 4-in. socket-head cap 
screw is produced in six quick steps: 
1. Cut off blank 
Bulbing 
Heading 
Extrusion 
5. Trimming 
6. Roll threading and knurling 
The whole sequence is performed “cold.” 
And it produces a cap screw free from the 
surface weaknesses of machined parts. 
Scrap loss is minimized because virtually 
the whole blank is utilized in the finished 
screw. Cold-heading wire is usually more 


economical than screw-machine stock; 


savings often come to 10 pct and more. 
Bethlehem makes just about every kind 
of heading-quality wire. Manufacturing 
is rigidly controlled. Frequent mill tests 
assure proper surface quality, chemical 
composition, and internal soundness. 
One of our engineers will gladly study 
your wire products—cold-headed or other 
—and recommend the grade of steel best 
suited, quite possibly with improved re- 
sults. Just phone the nearest Bethlehem 


office, or write to the address below. 


BETHLEHEM STEEL COMPANY 
Bethlehem, Pa. 


On the Pacific Coast Bethlehem products are sold by 
Bethelem Pacific Coast Steel Corporation. 
Export Distributor: Bethlehem Steel Export Corporation 


ern 


For more information, turn to Reader Service card. circle No. 465 
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RE-ENTRY 
SHIELDS 


EST 1883 





WYMAN-GORDON IS FORGING RE-ENTRY SHIELDS 


e Copper in production 
e Beryllium in limited production 
e Reinforced plastics in development 


WH Y,YMIAN=- GOoRDOn 


FORGING 
ALUMINUM MAGNESIUM STEEL TITANIUM  BERYLLIUM MOLYBDENUM COLUMBIUM 
AND OTHER UNCOMMON MATERIALS 
WORCESTER, MASSACHUSETTS 
HARVEY ILLINOIS GRAFTON, MASSACHUSETTS FRANKLIN PARK ILLINOIS 


DETROIT. MICHIGAN FORT WORTH. TEXAS LOS ANGELES. CALIFORNIA 


For more information, turn to Reader Service card, circle No. 514 For more information, circle No. 500 > 
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caretree is stainless steel 


The gleaming efficiency of Stainless housewares is a joy to every 
woman. Everything made of Stainless Steel cleans with ease, lasts 
a lifetime and brightens-up the home. 

No other metal offers the freedom of design and fabrication, 
economy of care and the durable beauty that serves 

and sells like Stainless Steel. 


McLOUTH STEEL CORPORATION, Detroit 17, Michigan 
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McLOUTH STAINLESS STEEL 


HIGH QUALITY SHEET AND STRIP 


for homes and home products 





52 


MATERIALS IN 





Size Range Lengths up to 410” have 
been produced to meet modern mach- 
inery requirements. OD’s from 2.25” to 


50”: wall thicknesses from .25” to 4” 


Analyses All alloy grades in steel and 
cast iron, including heat and corrosion 
resistant stainless steel, plain carbon 


steel and special analyses. 


Finished As cast, rough machined, or 


finished machined, honing. 


Complete welding and machine shop 


including 


facilities for fabrication. 


Reject recovery with Anton J. Haug re- 
finers is saving paper mills more than $7 
million per vear in wood alone! Acipeco 


furnishes tough, durable, stainless steel 


fi 


liners which go inside the main casings 


of the machines 


How the pulp industry "beats" 
its reject losses with... 


ACIPCO 


stainless stee/ /iners 


In Canada, Europe, South America, Japan—as well as in 
this nation’s largest paper mills—refiners manufactured 
by Anton J. Haug are saving more than 700 tons of 
good groundwood, sulphite and kraft rejects each day. 
This refined stock is marketed at the same price as 
virgin pulp—and the annual savings in wood alone is 
more than $7 million! 

Acrpco plays an important part in reject recovery by 
furnishing the stainless steel lining which goes inside 
the main casing of the Haug refiner. The lining, static- 
ally cast to Haug’s exacting specifications, fits inside 
a stationary cylindrical shell. 

Stock, entering at one end, travels through the ma- 
chine in a helical path and is repeatedly subjected to the 
pressure of high speed rolls which crush it against the 
liners. 

In special shapes such as this, as well as centrifugally 
spun steel tubes, Acipco castings stand up... under 
the longest, toughest assignments. If your application 
is a special one, it will be worthwhile for you to inves- 
tigate Acipco’s facilities for casting, heat treating, 
machining, fabricating and testing. 

Stainless steel, carbon steel, alloy iron or special 
analyses— versatile AcIPco made to solve 
your specific tubular metal problem. Call Actpco today 
for complete information—or for expert technical as- 


tubes are 


sistance, 


Special Products Division 


/A\ MEE RICAN 


OFS — eo iE S| FO) Oe = 2 @ 5) SOF 


PHONE AL 1-8121, EXT. 285 


e BIRMINGHAM, ALA. 


For more information, turn to Reader Service card, circle Mo. 398 
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Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection—Paint Base—Decorative Finishing 


A COMPLETE PROCESS 
ENGINEERED LINE 


Developed for specific applications, there is an 
Iridite to provide the finish you desire, fit the 
equipment you have available and give the 
performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 


EXPERIENCED TECHNICAL 
SERVICE 


Our large field engineering staff is thoroughly 
familiar with chromate conversion coatings 
and related finishing operations. They’ll help 
you check every step in your finishing oper- 
ation to make sure you’re getting the best 
possible finish on your products. 


2 


3 PRODUCT AVAILABILITY 


Warehouses located in strategic industrial 


IRIDITE 


metals. Apply by dip, brush or spray methods 


a specialized line of chromate conversion coatings for non-ferrous 


areas enable us to provide you with fast, 
economical delivery on any Iridite. 


4 ECONOMY 


The superior performance of Iridite provides 
low final cost by extending operating life and 
lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 
requirement. 


RESEARCH AND DEVELOPMENT 
FACILITIES 
If you have an unusual application, we will 
gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 
service. 
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Proce 
at room temperature — nas 
<= 


manually or with automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel. No special equip- 
ment, exhaust systems or specially trained personnel required. 


If you are using chromate conversion coatings to finish zinc, 





nesium, silver, copper, brass or bronze — consider the above benefits of Iridite. For 
complete information, contact your Allied Field Engineer. He's listed under “Plating 
Supplies” in the yellow pages. Or, write for FREE TECHNICAL DATA FILE, 


Allied Research Products, TN. 4004.06 east MONUMENT STREET © BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE e 


DETROIT 3, MICHIGAN 


West Coast Licensee for Process Chemicals: l. H. Butcher Co. 


, ARP Of 
Chemicals & 
Supplies 


P | 
Chromate Line of 


Clear Plating 


chemical Processes, Anodes, 


2p aD 


Brighteners Equipment 


Chemical and Electro - | 


Rectifiers Equipment, ond Supplies for Metal Finishing Coatings Coatings 


For more information, turn to Reader Service card, circle No. 467 
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Now on the market! Hundreds of 
new products made with MARLEX* 
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Here is the latest display of commerciaily available products made 
with Marlex linear polyethylene. These new items range from tiny 
ball point pen parts to large housings for lawnmowers and T'V sets 
.. . from thin, clear packaging film to heavy-duty bag material .. . 
from colorful fabrics to high-tensile rope that floats. Manufacturers 
are turning to Marlex because it is an economical material that can 
be precision molded, formed or extruded. And everyone recognizes 
the advantages of using Marlex for high-quality, yet inexpensive 
housewares and toys that are boilproof and virtually indestructible. 

No other type of material serves so well and so economically in so 
many different applications. How can Marlex serve you? 

* MARLEX é is a trademark for Phillips family of olefin polymers 








MARLEX 








Write today for new, free MARLEX Brochure! 
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Phillips Chemical Company 
Plastic Sales Inc., Bartlesville, Oklahoma 


Gentlemen: 

Please send me my free copy of your latest 
MARLEX Brochure. 

Name 

Company 


Street a 


City 








MYLAR’ retains its high strength at -60°C. 


Can the unique combination of properties found in ‘‘Mylar” 
help you solve your design problems? 





“‘Mylar’’* polyester film is a tough, flexi- 
ble engineering material. In addition to 
its resistance to temperature extremes 
(-60° to 150°C.), ““Mylar’’ has an average 
tensile strength of 20,000 psi, a dielectric 
strength of 4,000 volts per mil for 1 mil 
film, plus excellent resistance to most 
chemicals and moisture. 

On an area basis, tough, thin ‘“‘Mylar’ 
often costs /ess than heavier, conventional 
materials, “‘Mylar’’ 
embossed and metalized, punched or 


‘ 


QPOND 


BETTER THINGS FOR BETTER LIVING 
THR U H CHEMISTRY 


can be laminated, 


“e 
Weatherable “Mylar” Type W-2 resists ultra- 
violet light. This new film 
outstanding properties of regular ‘“‘Mylar”’, 


with all the 


treated to withstand the sun’s 
The film offers new design 


is specially 
ultraviolet light 
opportunities for outdoor appli ations. 


coated. The film won’t embrittle with 
age. ‘‘Mylar’’ is available in roll or sheet 
form in a wide range of gauges. 

Find out how the combination of prop- 
erties in “‘Mylar’’ can help you solve 
knotty design problems, improve prod- 
uct performance or cut cost. Write today 
for our new booklet containing detailed 
information on properties and applica- 
tions. E. I. du Pont de Nemours & Co, 
(Inc.), Film Department, Room MM-6 
Wilmington 98, Delaware 


DU PONT 


MYLAR 


POLYESTER FILM 


For more information, turn to Reader Service card, circle No. 451 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 


REDSTONE Div THIOKOL CHEMICAL CORP 


it's warm in there 


That’s the exhaust pattern of a solid- 
propellant rocket motor. Temperature in- 
side sometimes hits 6000°F. 

At the nozzle, fuel-burning releases its 
full fury. To keep the bird’s metal skin 
from buckling under the combined heat 
and stress, rocket engineers line many noz- 
zles with a_ glass-reinforced phenolic, 
Durez 16771. During flight this plastic 
liner chars—at a predictable rate. It pro- 
tects the metal nozzle wall from thermal 
failure. 

Equally dramatic, if less spectacular, 
are the design improvements that /677] 
is making possible because of its impact 
strength (up to 15 ft.-lb.Jin. Izod) and 
other properties. One manufacturer molds 
it into a rugged pump base that won't cor- 
rode and that outwears many metals. The 
U. S. Signal Corps puts its strength to work 
in boxes that protect the parachutes on 
droppable radios. Automotive engineers 
save two-thirds of the cost of automotive 
oil-pump gears by replacing metal with 
16771—and get gears that run almost three 


times as long as before 


New bulletin: To help you evaluate Durez 
16771, we'll be glad to send you Bulletin 
D203. It gives a good idea of the proper- 
ties you can expect, discusses current ap- 
plications, and includes helpful advice on 
molding, machining, and finishing. If you’d 
like a copy, just check the coupon. 


@® Phenolic for a rocket motor 


® Heat-stable, moisture-stable insulation 


® Compounds for dip coating 


Insulation at close range 


The push for good, compact insulating 
materials grows stronger. More electronic 
engineers are cramming more perform- 
ance into fewer cubic inches than ever be- 
fore. Under these conditions, cost of an 
insulator means little—when a pound of 
the right one will make smaller compo- 
nents, and perhaps twice as many of them. 

Such a material is Durez 16694 diallyl 
phthalate molding compound. We believe 
it to be the cream of the current plastics 
crop for molding components and larger 
parts in which circuits must function with 
sterling reliability despite heat, moisture, 
electrical and mechanical stress, and nar- 
row working quarters. 

This orlon-filled compound molds well, 
is not brittle, machines easily with little 
wear on tools. Its molding characteristics 
are unvarying from shipment to shipment. 

It produces pieces that have very high 
arc resistance, consistently reproducible. 
It retains dimensional stability and high 
insulation values over extended periods at 
relative humidities above 90%. It does not 
corrode metal contacts and is virtually 
free from cold flow and creep. 

Durez Bulletin D400 lists the proper- 
ties of this compound and other electrical- 
grade materials. The data sheet on Durez 
16694 diallyl phthalate goes into detail on 
electrical test results. To get both pieces, 
check the coupon. 


Helping resistors resist 
Problem: Find a coating material that 
keeps tiny components like these protected 
against humidity—and won't peel back 
under the heat of a soldering gun. 


Solution: A dip-coating compound based 
on Durez phenolic resins. 

rhis thermosetting compound goes on 
smoothly without running or sagging. It’s 
just porous enough to take a protective 
wax sealing coat. It cures hard, to allow 
stamping or color coding. It doesn’t mi- 
grate or peel back during soldering. 

Durez research men worked closely 
with electronic engineers for more than 
seven years to develop compounds like 
this. Improved each year, Durez dip-coat- 
ing compounds are the most widely used 
of their type. A check mark on the coupon 
will bring you specifics about them. 


For more information on Durez materials mentioned above, check here: 


Durez 16771, impact phenolic (Bulletin D203) 


Durez 16694, diallyl phthalate (Bulletin D400 and data sheet) 


Phenolic resin compounds for dip coating 


“Durez Plastics News,” mailed periodically, shows and describes 


latest uses of Durez materials. 


Clip and mail to us with your name, title, company address. (When requesting 


samples, ple ase use business letterhead.) 


DUREZ p.iastics DIVISION 


1406 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER 





HOOKER CHEMICAL CORPORATION 


CHEMICALS 
PLASTICS 











Fluid mapper pattern demonstrating liquid flow through a cross section of a Malleable differential carrier. 


Versatility is Malleable 


The ability to do most any job well is synonymous with Malleable iron castings. The variety of 
tasks they perform, from the commonplace to the spectacular, is legend. The strength and 
toughness... the freedom of design... . the wide range of shapes and sizes... the excellent 
machinability ...the economies achieved... all these advantages of Malleable combine to 
create an unexcelled reputation for versatility. 

Whatever your needs, look first to Malleable. 

For information or service, call on one of 


the progressive firms that identify themselves MALLEABLE 


with this symbol— 


MEMBER 


Ca co‘ 
STINGS couN 


If you wish, you may inquire direct to the Malleable Castings Council, 
Union Commerce Building, Cleveland 14, Ohio, for information. 




















(Advertisement) 


Versatility Is Key to Malleable’s Increasing Use 


Recent metallurgical advances have 
made the Malleable irons a family of 
metals uniquely capable of meeting 
the most diverse design, produc- 
tion and performance requirements. 
Whether the vital consideration is 
high strength, toughness, ductility, 
hardness, machinability, high or low 
temperature performance, wear re- 
sistance, or economy and adaptabil- 
ity for complicated designs, Malle- 
able castings have the versatility to 
meet exacting specifications. 


For versatility of shape, the casting 
process is unexcelled. It permits 
direct production of the most com- 
plicated components. The metal is 
placed exactly where it is needed 
regardless of the intricacy of the 
design. 


The capabilities of the metal to be 


cast are of even greater significance, 
for every application has a different 
set of requirements. Here, Malleable 
iron provides unique opportunities 
to obtain better parts at less cost. 


Holes can be punched in Malleable, 
surfaces can be coined to meet rigid 
specifications. The pearlitic Malle- 
ables can be surface-hardened for 
even better wear resistance. These 
and other advantages make today’s 
Malleable iron one of the most ver- 
satile engineering materials available. 


Although Malleable iron’s proper- 
ties are flexible, depending on serv- 
ice requirements, certain relation- 
ships remain constant. Malleable 
provides more strength and tough- 
ness per dollar than any other metal. 
It is also the most machinable of all 
ferrous metals of similar properties. 


Malleable castings can be produced in sizes ranging from the hammer handle 
wedge, shown here, weighing less than an ounce, to the 1,125 pound bridge scupper. 
Throughout this range is an endless variety of castings, best made of Malleabie for 


highest quality at lowest cost. 


Shapes and sizes of Malleable cast- 
ings are virtually limitless. The 
combination of Malleable’s good 
castability with modern production 


techniques regularly results in sec- 
tions as thin as 1/16’’ and tolerances 
of +.005” per inch in sections of 
1’’, with excellent surface finishes. 


Engineering Aids Available 


While the design of Malleable cast- 
ings is not complicated, it will pay 
you to consult a skilled Malleable 
engineer who can offer time and 
cost saving suggestions for the pro- 
duction of better parts. As another 
aid to basic Malleable casting de- 


sign, a special folder Data Unit 
104 — Design Versatility — is avail- 
able from any member of the Malle- 
able Castings Council and from the 
Malleable Castings Council, Union 
Commerce Building, Cleveland 14, 
Ohio. 


These companies are members of the 
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CONNECTICUT 

Connecticut Mall. Castings Co., New Haven 6 
Eastern Malleable Iron Co., Naugatuck 

New Haven Malleabie tron Co., New Haven 4 


DELAWARE 
Eastern Malleable Iron Co., Wilmington 99 


ILLINOIS 
Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 
Moline Malleable Iron Co.. St. Charles 
National Mall. and Steel Castings Co., 

Cicero 50 
Peoria Malleable Castings Co., Peoria 1 
Wagner Castings Company, Decatur 


INDIANA 

Link-Belt Company, Indianapolis 6 

Muncie Malleable Foundry Co., Muncie 
Terre Haute Mall. & Mfg. Corp., Terre Haute 


MASSACHUSETTS 
Belcher Malleable tron Co., Easton 


MICHIGAN 

Albion Malleable tron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 
Cadillac Malleable Iron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 


MINNESOTA 
Northern Malleable Iron Co., St. Paul 6 


NEW HAMPSHIRE 
Laconia Malleable Iron Co., Laconia 


NEW JERSEY 
Meeker Foundry Company, Newark 4 


NEW YORK 
Acme Steel & Mall. tron Works, Buffalo 7 
Frazer & Jones Company Division 

Eastern Malleable Iron Co., Solvay 
Oriskany Malleable Iron Co., Inc., Oriskany 
Westmoreland Mail. Iron Co., Westmoreland 


OHIO 

American Malleable Castings Co., Marion 

Canton Malleable Iron Co., Canton 5 

Central Fdry. Div., Gen. Motors, Defiance 

Dayton Mall. tron Co., Ironton Div., Ironton 

Dayton Mall. Iron Co., Ohio Mail. Div., 
Columbus 16 

Maumee Malleable Castings Co., Toledo 5 

National Mall. and Steel Castings Co., 

Cleveland 6 


PENNSYLVANIA 

Buck Iron Company, Inc., Philadelphia 22 
Erie Malleable tron Co., Erie 

Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
Meadville Malleable Iron Co., Meadville 
Pennsylvania Malleable tron Corp., Lancaster 


TEXAS 
Texas Foundries, Inc., Lufkin 


WEST VIRGINIA 
West Virginia Mall. lron Co., Point Pleasant 


WISCONSIN 

Belle City Malleable Iron Co., Racine 

Chain Belt Company, Milwaukee 1 

Federal Malleable Company, West Allis 14 

Kirsh Foundry Inc., Beaver Dam 

Lakeside Malleable Castings Co., Racine 

Milwaukee Malleable & Grey lron Works, 
Milwaukee 46 


For more information, turn to Reader Service card, circle No. 406 





The Thompson Level-Loder raises and lowers to any height from curb side to 44 


feet. Hydraulic cylinders lift the body up and down in a vertical guide mounted 
on the truck cab. Thompson Trailer Corp., Pikesville, Maryland, a subsidiary of 
General American Transportation Corp., Chicago, introduced the new design. 














. itleans...... it hunches up and down 


Unique truck built lighter, 
stronger with (iss) COR-TEN Steel 


Here’s a truck body that acts like an elevator. With front wheel drive, it 
has no rear axle or drive shaft. Hydraulic cylinders tilt it forward, backward, 
sideways, and raise it up and down to any height from curb level to 4% 
feet. This cuts loading time as much as 75% and makes unloading up to 
five times faster. 

Because the main stress of the lift is concentrated at the wheel box 
housings, they have to be as strong as possible. And because the truck body 
is lifted along with the payload, the body has to be as light as possible. The 
entire body, including the wheel housings, was built with USS Cor-TEN 
High-Strength Low-Alloy Steel because this grade meets the demands of 
both lightness and high strength. Cor-TEN Steel’s 50% higher yield point 
means it can be used in thinner and lighter gages, reducing weight as much 
as 14 with no sacrifice in strength. And it has high resistance to abrasion, 


atmospheric corrosion, impact and fatigue. 


U. S. Steel produces three brands of High Strength Steel—Cor-TeEn, 
Tri-TEN, and MAN-TEN. Each has characteristics that make it ideal for 
special design applications. For complete information about these “‘steels 
that do more’’, write to United States Steel, 525 William Penn Place, 


Pittsburgh 30, Pa. USS, COR-TEN, TRI-TEN and MAN-TEN are registered trademarks 


United States Stee! Corporation — Pittsburgh 
American Stee! & Wire — Cleveland 
Columbia-Geneva Stee! — San Francisco 

Tennessee Coal & iron—Fairfield, Alabama 

United States Stee! Supply — Stee! Service Centers 
United States Stee! Export Company 


United States Steel 
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NON-STOP PRODUCTION OF LENS GLASS... 


Where any metal but Platinum 





PLATINUM DOES BETTER FOR LESS. In this hot end of the 
Bausch & Lomb continuous-flow furnace only platinum has the 
stamina to stand up long enough to return a profit. It is used 
as a lining material and in agitators and thermocouples. 





It seemed preposterous at first. Line even part of a 5-ton capacity furnace with 
platinum? ... 
But the engineers at Bausch & Lomb had a case and proved it. The only 
sure way to contain glass at volcanic heat for month after month is in platinum. 
The proof? Platinum melts at 3224°F (1770°C). Retains adequate strength 
at ophthalmic glass refining temperatures (2600°- 2700°F). Doesn’t dissolve 
in the melt to discolor, or degrade quality. Doesn’t erodé or corrode in molten 
glass stream. 
No other material provides the consistent purity essen- 
tial to the economical mass-production of quality lenses. 


The metal that masters molten glass may master a problem for you. 


Where conditions involve high temperature and product purity, as in the 
production of lens glasses; or require peak catalytic efficiency, as in the 
refining of high octane gasoline; or a combination of severe corrosion and 
erosion must be met, as in the case of rayon production: or hard, highly con- 
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would cost too much... 


ductive surfaces, as in the production of printed electrical circuits; and many 
other products, the platinum metals have proved to be most economical. 


Progress in research and development indicates a growing need for ma- 
terials to cope with higher temperatures, higher pressures, more severe com- 
binations of operating conditions . . . materials of proven ability to deliver 
long, trouble-free service life. To this end the unique potentials of the six 
platinum metals are being thoroughly explored on a continuing basis. 


Platinum, palladium, ruthenium, iridium and rhodium all have unique 
properties, well worth your attention. Specialists are prepared to work closely 
with you in evaluating these metals for new commercial and scientific uses. 


As a first step, write us for additional data on the unusual properties and 
successful applications of the six platinum metals and their alloys — indicating 
your field of interest or how we might be of assistance. 


Platinum-lined five-ton furnace continuously fills molds 
with ophthalmic glass at Bausch & Lomb, makers of fine 
optical products. Furnace goes 18 months without shut- 
down. Glass must pass 23 quality tests. 


CAN THESE PROPERTIES OF THE 
PLATINUM METALS HELP YOU? 


High Temperature Stability 
Exceptional Chemical Inertness 
Superior Wear Resistance 
Peak Catalytic Activity 

Low Vapor Pressure 


The six platinum metals are: 
PLATINUM + PALLADIUM - RHODIUM 
RUTHENIUM ° IRIDIUM +- OSMIUM 


As 
ANCO, PLATINUM METALS DIVISION, The International Nickel Company, Inc., 67 Wall Street, New York 5, N. Y. 


For m>r2 information, turn to Reader Service card, circle No. 492 





In providing a secure, easily inter- 
changeable attachment for Gravely 
rotary cultivators, Republic Nylok Studs 
are inserted into the adapter shown at 
left. The cultivator unit is then placed 
in position over studs, and nuts are 
applied, holding cultivator firmly in 
place. Republic Nylok Fasteners hold 
securely even under shocks from hidden 
stones, and vibration from the severe 
churning action of cultivator blades. 


Republic Nylok Fasteners Hold Securely 
Even Under Shocks of Rotary Cultivation 


Finding a dependable fastening method for tractor- 
attached rotary cultivators presented a real challenge 
to Gravely Tractors, Inc., Dunbar, West Virginia. A 
fastener had to be found that would hold securely and 
give long, dependable service under the constant shocks 
and pounding of rotary cultivating. To meet these 
requirements, the company chose Republic Nylok Studs. 

Republic Nylok Fasteners have a special nylon insert 
that assures positive locking at any position, even 
under severe shock, vibration, or tension. When the 
fastener is assembled, this nylon plug exerts pres- 
sure in a lateral direction, preventing all play, and 
utilizing the metal-to-metal contact of the opposing 
threads for locking. 

Republic Nylok Fasteners provide maximum holding 


64 ¢ MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 


power under all conditions, whether seated or not; and 
they can be used repeatedly. One of their unique 
advantages is the “plastic memory” of the nylon plug— 
the tendency of the nylon to recover its original shape 
after assembly. This “growth” into the threads actually 
results in a tighter locking action, after a period of time, 
than when the fastener was first assembled. 

The nylon insert is unaffected by age or cold, has high 
resistance to heat, and very low moisture-absorption 
rate. These are but a few of the advantages which led 
Gravely Tractors, Inc., to use Republic Nylok Fasteners 
on their advanced line of rotary cultivators. These and 
other advantages can pay dividends in your applica- 
tion, too. For full information, contact your Republic 
representative, or mail coupon. 








SUPER TOUGHNESS AND STRENGTH ct critical points cre ECONOMY WITH CORROSION-RESISTANCE is provided by Republic Galvannealed 
provided by Republic Alloy Steels in the Powr-Lok Differential / “aia : a3 : ‘ 
deed d by D c +i Sites Gita Senn onal Sheets, used by Air Conditioning and Drying Division, Surface Combustion Corporation, 
ee ee ere — or _ rte Toledo, Ohio, in making KATHABAR® Dehumidification Systems. In these units Galvan- 
neers have reduced the possibility of mechanical breakdown : hese . : ‘ 
in clutch rings end side gears by forging these ports from nealed Sheets help solve corrosion problems. And their tight, uniform zinc coating will 
take all ordinary forming operations. Shear, blank, pierce, form, flange, solder, deep 


Republic Hot Rolled 8615 Alloy Bars. This fi i ith- 
wee ore esie - 7 i 7 =e aoe o draw, or bead them with ease. For more information on Republic Galvannealed Sheets, 
stands torque, fatigue, shock, and stress, and makes possible j 
mail coupon now. 


maximum resistance to abrasion, friction, and wear. An 
exceptionally high strength-to-weight ratio permits the 
designing of thinner sections. For further facts, send coupon. 


SAVINGS IN TIME AND MATERIALS are realized by Syncro 
Corporation, Oxford, Michigan, by using Republic 
ELECTRUNITE® Mechanical Tubing in the manufacture of 
jigsaws. Previously they used a casting for the blade-yoke, 
which requires a severe bend. ELECTRUNITE Square Tubing 
was recommended for one model, rectangular tubing for the 
other. Results: reduction in weight of the blade-yoke, and 
improvement in appearance of the product, with savings in 
time, materials, assembly, and shipping costs. For more 
information on Republic ELECTRUNITE Mechanical Tubing, 
mail coupon below. 


Se oelicceatinceneiieesestinsetiiomeiieanad inmedinened ieedtintentiemntionmetienetiametinasd=ammettantiaantiaeanananatiae) 


REPUBLIC STEEL CORPORATION 
DEPT. ME-7549 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send additional information or the following: 


) Nylok Fasteners 
C) Galvannealed Sheets 
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City. 
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<> | FOR “BASIC” ADVANTAGES IN PLASTICS 


Sometimes a customer will ask the Dow rep- 
resentative, “So you're basic in epoxy resins 
and other materials—what does that mean to 
me?” The answer: Many quality advantages 
accrue to the buyer from Dow's complete con- 
trol of all chemicals that go into the making of 
resins and thermoplastics. During the develop- 


advantages... 


mental stage, this basic position makes for 
better-controlled research; in the manufacturing 
stage, it makes for greater accuracy in trans- 
lating research developments into production. 
The end result: improved quality and uniformity 
that Dow customers can turn into basic selling 
as illustrated on these pages. 


TV-TUBE DESIGN IMPROVED 
BY DOW EPOXY RESEARCH 


For years TV designers have been 
at work on the improvement of TV 
set design to eliminate certain in- 
herent disadvantages and provide 
a less bulky set. TV and glass en- 
gineers have created a new method 
of lamination that brilliantly ac- 
complishes long-standing design 
objectives. 

This latest example of the ability of 
Dow resin chemists to come up with 
major breakthroughs in plastics tech- 
nology is a unique method of laminat- 
ing a contour-fitted glass panel directly 
on the face of television tubes. 

From the set designer's point of 
view, this allows reduction of the thick- 
and can 


ness of TV sets by inches 


provide new slim elegance for the set 
of tomorrow. Eliminating the separate 
panel of safety glass assures a better, 
brighter picture in two ways. First, the 
dead area between tube and conven- 
tional implosion panel is gone—entirely 
removing this dust-catching corridor. 
Second, a brighter TV picture results 
because elimination of the separate im- 
plosion panel increases light transmis- 
sion and removes a distracting source 
of reflection between tube and panel. 

Greater usable picture area on the 
tube is now possible also, because of 
the increased strength of the tube face 
provided by the new lamination with 
Dow epoxy resin. Up until now, TV 
been circular or oval in 


tubes have 


shape, masked by the set frame to 


appear square. With this new Dow lam- 
ination, the design of a virtually square 
tube becomes practical—and increased 
picture fidelity a reality. 

This TV industry advancement was 
made possible in part by the basic posi- 
tion Dow holds in the manufacture of 
epoxies—including those used in mak- 
ing this new type of laminate. 

The special facilities required for 
epoxy resin research—along with the 
know-how necessary to translate re- 
search results into production in mini- 
mum time—have been busy for years 
at the Dow laboratories in Midland, 
Michigan and Freeport, Texas. Right 
now, perhaps, they are working on 
problems of interest to your business. 


Why not investigate—today? 





1, Parts are pre- 
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3. Parts are 
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New tube width 


C. Shaded portion—additional picture area with new tube 
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5. Completed 
tube 
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® 
TYRIL™ takes wide range of 


temperatures. Tyril, a recent develop- 
ment in the Dow family of thermo- 
plastics, is providing both the manu- 
facturer and the user of the milk dis- 
penser shown here, with a “new look”. 
Tyril has excellent resistance to tem- 
perature extremes. To the housewife 
tiiat means trouble free service in the 
refrigerator, beauty on the shelf; yet 
at dishwashing time it can stand scald- 
ing hot water. To the manufacturer, 
the exceptional dimensional stability 
of Tyril permits close tolerances in 
moving parts. 


TOUGH TACKLE for outdoorsmen 


Perhaps no one is more susceptible 
to something new than the fisherman. 
Yet he demands that it be trouble free. 
Again, out of the family of Dow plas- 
tics, another manufacturer found the 
material that provided the perfect com- 
bination of newness and functionality. 
In designing the handle and reel hous- 
ing of this fishing outfit, the designer 
chose Tyril. Superior toughness, re- 
sistance to heat and cracking pay off 
for the fisherman. Its excellent mold- 
ing characteristics and machinability 
pay the manufacturer in production 
economies. 


OTHER DESIGNS 


utilizing America’s first family of thermoplastics 





ETHOCEL—This control wheel for pump or 
lathe can really take rough and tumble 
shop service. It's made of Ethocel®™, strong- 
est, most durable thermoplastic on the 
market! 


TYRIL—A quality insulated serving jug 
and matched insulated tumblers made of 
Tyrill Smooth, semi-lustrous finish in a wide 
color selection. Won't absorb food odors. 





POLYETHYLENE—Here's a lightweight, 
rustproof minnow bucket that always 
floats upright. Designed in several of the 
many ‘“‘built-in'’ colors possible with 
multi-range Dow polyethylenes. 


STYRON — Several formulations were 
used in these colorful fishing lures: gen- 
eral purpose Styron for decorative charac- 
teristics, high impact Styron for strength. 


FOR MORE 
INFORMATION 


—about the versatile Dow plastics 
and the product designs discussed 
here, write to us today. THE DOW 
CHEMICAL COMPANY, Midland, Michi- 
gan, Plastics Sales Department 


1710CD6. 


INDUSTRIAL MOLDING MATERIALS 
PACKAGING MATERIALS 
PAINT AND COATING MATERIALS 
BUILDING PRODUCTS 


THE DOW CHEMICAL COMPANY 
Midland, Michigan 


For more information, turn to Reader Service card, circle No. 536 
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Value analysis 
boosts production 30% 


This was the outstanding result when a metalworking company studied and evaluated pro- 
duction of piston pin bolt heads with a Ryerson representative. The Ryerson specialist 


recommended Rycut® 40—the world’s fastest machining alloy steel in its carbon range. 


REJECTS 
DOWN 15% 


PRODUCTION | TOOL LIFE 
UP 30% , EXTENDED 50% 


Other cost-cutting results: 


In addition to boosting production, this risk-proof Ryerson alloy reduced rejects 15% 


. increased tool life 50% ... and gave parts a better finish. Ryerson value analysis of 
materials and methods may help solve some tough problems for you. Contact your 


nearby Ryerson plant for details. 


a: ® 
Ore ° 
Member of the <{f}}> Stee! Family 
STEEL «+ ALUMINUM «+ PLASTICS « METALWORKING MACHINERY 
NATION'S MOST COMPLETE SERVICE CENTERS IN PRINCIPAL CITIES COAST TO COAST 


For more information, turn fo Reader Service card, circle No. 462 
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Plastronic Engineering Co 


Component cases molded in epoxy become integral with encapsulated component. Photo at left shows the molded 


epoxy case, terminal board with diode assembly in place, 


shows variety of typical assemblies encapsulated in molded epoxy cases. 


These photos show some of the 


first electrical uses for 


The New Epoxy 
Molding Materials 


and the complete encapsulated assembly. Photo at right 


Booty Resineers Div., American Marietta Co. 


Electrical housings such as this one can be cured in 


3-4 min, 


Epoxy resin parts made by economical, high-speed 
compression or transfer molding techniques are now 
a commercial reality. Here they are compared 

with DAP’s, silicones and alkyds. 


by Malcolm W. Riley, Associate Editor, Materials in Design Engineering 


@ The inherent high dielectric 
characteristics, low moisture ab- 
sorption, high dimensional sta- 
bility, good mechanical strength, 
and excellent chemical resistance 
of epoxies can now be specified on 
an economical, high production 
basis. 

As of April, both general pur- 
pose and high impact compounds 
were available (see box, p 73). 
General purpose compounds con- 


tain inert mineral fillers; high im- 
pact grades are reinforced either 
with chopped glass or synthetic 
(Dacron or Orlon) fibers. Al- 
though impact grades are avail- 
able with glass contents as high 
as 50%, the 12% chopped glass 
compound is the only one for 
which property data are available. 

Compounds are available in red, 
blue, yellow, green, black and 
natural tan. 


Epoxies have always been rela- 
tively high priced—so are these 
compounds (see Table 1). Even 
with economical high speed pro- 
duction, the materials will prob- 
ably be used only where their 
combination of high dielectric 
properties, dimensional stability, 
and extremely low moisture ab- 
sorption is critical. 

Key to the development— 
no-stick, short cycles 

The two most critical problems 
overcome in developing the com- 
pounds were the inherent sticki- 
ness of epoxies and the relatively 
long cure times usually required. 

Excellent adhesives in them- 
selves, epoxies have always been 
tricky materials to release from 
molds. The new compounds have 
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TABLE 1—-COMPARATIVE PROPERTIES OF EPOXY MOLDING COMPOUNDS:® 





Type 


Epoxy Molding Compounds 


Mineral-Filled' 


12% Glass- 


Reinforced: Typical Values@ 


DAP: Mineral-Filled 


Mil-Type MDG | Typical Valuese 


Silicone: Mineral-Filled 


Mil-Type MSG 





ELECTRICAL PROPERTIES 
Arc Res, sec 
Dielec Str, v/mil 
Short-Time 
Step-by-Step 
Volume Res, ohm-cm 
Surface Res, ohms 
Dielectric Constant 
60 Cps 
1 Ke 
50 Ke 
1 Mc 
Power Factor # 
60 Cps 
1 Ke 
50 Ke 
1 Mc 


MECHANICAL PROPERTIES 
Flex Str, 1000 psi 
Flex Mod of Elast, 10° psi 
Ten Str, 1000 psi 
Compr Str, 1000 psi 
1zod Impact Str, ft-lb/in. notch 
Rockwell Hardness 


PHYSICAL PROPERTIES 
Specific Gravity 
Coef of Ther Exp, per °F 
Heat Dist Temp (264 psi), F 
Water Absorp (24 hr), % 
Mold Shrinkage, in./in. 
Post-Mold Shrinkage 

(hr, temp), in./in. 





Cost, $/Ib* 


150-180 


9 


0.011 
0.019 


0.013 


148 125-190 
378 
320-350 
4x 10% 
6 x 10%: 


433 
384 
11 x 10% 
6.4 x 10% 


x 10% 


5.4 
5.4 
4.9 
4.6 


44 


4.2 5.2 


41 4.5 
0.038 
0.038 
0.023 
0.024 


0.039 


0.040 


1 


25-26 
0.35 
M110 


2.6 x 10-5! 
300-320 
0.06 
0.004-0.006 


0.0003 (400, 302 F) 


1.50-1.55 


15-16 8-10 


1.3 


1-12 
2.2 
8-10 4-5.5 
18-25 
0.30-0.45 
M107 


0.81 


1.65-1.70 
3.5 x 10° 
300-450 
0.2 
0.004-0.007 


1.85 1.80 


209, 278 min’ 
0.35" 
0.0005 (480, 257 F) 


1.50-1.85 0.87-1.15 


325 min 
300 min 


5 x 106 min 


0.14 max 


0.12 max 


6800 min 


0.28 min 


115 min 300-420 210 min 
350-400 
350-400 

>103 
1 x 102 


325 
275 


1 x 10° min 


4.0-4.5 


8.2 max 4.0-4.5 5.0 max 


6.0 max 4.9-4.5 4.7 max 
0.003-0.013 
0.002-0.011 0.015 max 


0.003-0.006 0.01 max 


6.5-7.5 
1.0-1.3 
3.5-4.5 
16-20 
0.25-0.30 
M85-90 


6 min 


2.5 min 
15 min 
0.25 min 


4 min 
18 min 


1.8-2.0 
9-10.4 x 10-5 
> 500 
0.3-0.4* 
0.006-0.010 


392 mine 
0.50 max' 


3.50-7.00" 





Values listed under MIL Type columns 
ments called out by MIL-M-14E 
DAP, mineral-filled, general purpose; 


MAG 


require 
MDG 
filled, general purpose 
Tybon 5621-6 
covers asbestos-filled 


of Hooker Chemical Co 


Range 
Div 
Technical Data on Plastics, Mfg. Chemists 
fHysol 6800, Houghton Laboratories, Inc 


are 
Types are as 
MSG 
alkyd, mineral-filled, general purpose 
»bRange includes data on Hysol 8610 and Fiberite 2068. 
samples molded at 1000 psi, 300 F, 5-min cycle 
compounds produced by Durez Plastics 
and Mesa Plastics Co x 10 


Assn., 


qualification 
follows: Type in MIL-M-14E 
mineral- hValues 
iAfter 
Post-cured at 
kD651 
1At 78-302 F; 


average 


silicone, 


Feb °57 mAt 86-248 F. 


ASTM D150 power factor is the same as dissipation factor as used 


for Fiberite general purpose alkyd compounds. 
conditioning 30 days, 
400 F for 1 


100% RH, 158 F. 


day. 


over temperature range of 78-140 F coefficient is 1.4 


nFirst value is after 2-hr post-cure at 300 F; second value is after 4 
hr post-cure at 255 F; determined by LP 406B-1071. 





self-releasing characteristics 
“built into the resin” so that no 
mold preparation necessary. 
The only caution that molds 
must be clean. (Particular care 
must be taken in cleaning a mold 
after using it for alkyds). In 
spite of this self-releasing char- 
acteristic, the compounds are said 
to provide good adhesion to in- 


is 


is 


serts. 

Cure times in the press range 
from 15 sec to about 15 min; 5 
min about average. Specific 
cure times depend 1) mold 
temperature, 2) size and shape of 


is 
on 
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the part, 3) whether preheating 
is used, and 4) whether the part 
is such that it can be ejected from 
the mold (early) and allowed to 
finish-cure out of the press. Cure 
times are said to be equivalent 
to those required for phenolic 
molding compounds. 

Additional benefits are offered 
by the low molding pressures re- 
quired. These may range from as 
low as 50 psi to 1500 psi (rec- 
ommended molding temperature 
is about 300 F). Such low pres- 
sures facilitate accurate position- 
ing of small, delicate inserts in 
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a molding. Also, in many cases 
lower cost molds can be used. 
How properties compare 

From the property standpoint, 
epoxy molding compounds are 
probably most competitive with 
the DAP (diallyl phthalate) and 
silicone molding compounds. 

Table 1 compares properties of 
mineral-filled and glass-reinforced 
epoxies with typical values for 
mineral-filled DAP and _ silicone 
molding compounds. Comparable 
properties for mineral-filled alkyd 
molding compounds and a filled 
cast epoxy are also included for 








Cast Epoxy 


Alkyd: Mineral-Filled 


Typical Values® | Mil-Type MAG | Mineral-Filled ‘ 





180 175 min 13-180 
350-550 
350-500 

75.5 x 10 


350-400 375 
300-350 325 
0.6-3 x 10 - 


6.0-6.5 - 
- 6.2 max 4.1 


4.2-5.0 6.0 max 
0.035-0.040! - 
0.024» 0.04 max 


0.013-0.015" 0.03 max 


7-10 7.5 min 13 
2.2-2.7 — 
3-4 3.5 12 
16-21 15 21-27 
0.30-0.35 0.31 
M90 


1.85-2.15 1.8 

1-3 x 10°5 4.9x 105" 

350-400 ° 250 

0.08-0.10 0.10 
0.004-0.007 0.005 


| 0.39-0.50 | et 





oAs determined by L-P-406 Method 2011.1. 
p7-day immersion in tap water. 

rAs determined by L-P-406 Method 7031. 
848-hr immersion. 

tRange is for quantities of 400 lb or more. 
uGeneral price range. Specific prices not now 
available. 





comparison. Qualification specifi- 
cations under MIL-M-14E (Mold- 
ing Plastics and Molded Plastic 
Parts, Thermosetting) are also 
given. 

Epoxies vs DAP, silicones— 
Values from standard static tests, 
of course, cannot be used as the 
sole basis for materials selection. 
They can be used both to put the 
material in perspective, and for 
initial screening. Also, property 
data on epoxies are, as yet, some- 
what limited. However, from the 
data available, it appears that the 
epoxies have a slight edge over 


Houghton Laboratories, Inc 
Brush blocks and ferrite probe molded by Unison Products, make use 
of good flow properties, good dielectric properties, low water absorption. 


x 
. 
> 


é of. . Pies... ie 
‘ oh Sant R AS 
4 Z t ve ch A eae bist 1 pear Nae? oie BS: ~ 


* Sir: +S ‘ “ 
; j 
Se erie Ln ted i ena) a Be EE 
Booty Resineers Div., American Marietta Co 


Péel beet Me 
Electronic collector rings for missiles incorporate intricate bronze and 
gold ring inserts and must be machined and finished to close tolerances. 





properties, 
somewhat 


DAP’s in electrical 
and silicones appear 
better than the epoxies. 

Mechanically, the epoxies ap- 
pear to be definitely superior to 
silicones, and approximately equal 
to DAP. 

Moisture absorption of epoxies 
appears to be lower than that of 
DAP and specific 
comparative data showing effects 
of moisture absorption on elec- 


silicones, but 


Thermal stability—Data on ef- 
fects of heat on epoxies are quite 
spotty as yet. The 300-320 F heat 
distortion temperature given in 

TABLE 2—HIGH TEMPERATURE 


ELECTRICAL PROPERTIES OF MINERAL- 
FILLED EPOXY COMPOUNDS* 





Temp» 73 F 212F | 392F 





Volume Resistivity, 
ohm-cm 
Power Factor 


9x 10 | 5x 10% | 5 x 10° 


Table 1 gives only a general com- 
parative order of magnitude. 
Table 2 indicates the good reten- 
tien of electrical properties on 
exposure to heat. Values do not 
show the effect of heat aging. 
According to one _ producer, 
aging a 12% _ glass-reinforced 
compound for 1000 hr at 392 F 
resulted in no adverse effect on 
electrical or physical properties 
or dimensional stability. Weight 


loss was negligible. 

Another producer reports that 
mineral-filled compounds show a 
weight loss of only 0.21% after 
400 hr at 300 F, and 1.05% after 
400 hr at 392 F. 

Other epoxy molding compounds 

In summarizing epoxy molding 
compounds, brief mention should 
be made of a high strength struc- 
tural molding compound, first re- 
ported here in Apr 58. Actually 
it is similar to so-called “premix 
molding compounds,” in that it 
has a high glass content (65%), 
TENSILE PROPERTIES (1011)° | ane arennerrry fibers are _ 

Uit Str, 1000 psi 31.9 | 303 | 390 | 298 | 276 | 322 tively long (14-1 in.). However, 

Yid Str (0.2% offset), 1000 psi.....) 30.7 | 273 | 295 | 285 | 27.5 | 31.4 it has an epoxy rather than a 

Mod of Elast, 10° psi..... 3.39 3.04 3.0 3.24 | 1.98 | 2.40 polyester resin binder. 
wag hte . It differs in concept from the 

ult str, 1000 psi... 4.7 | 376 | 394 | 350 | 300 | 328 in ae ay as Se 

Yid Str (0.2% offset), 1000 psi... 38.6 | 363 38.3 | 33.9 | 27.2 | 31.0 pounds in that it is not self-re- 

Mod of Elast, 10® psi..... 2.99 3.18 2.79 2.49 | 2.43 2.52 
BLOCK COMPRESSIVE PROPERTIES 

(1021.1) 

Ult Str, 1000 psi..... — 50.0 54.7 | | 39.3 

Yid Str (0.2% offset), 1000 psi. — | 496 54.7 41.8 

Mod of Elast, 10° psi... .. ‘ _ 2.25 — 2.69 2.12 
FLEXURAL PROPERTIES (1031. 1)> = 

Ult Str, 1000 psi 47.6 39.4 


60 Cps 0.011 | 0.032 | 0.35 


trical properties are not available. 
0.019 | 0.028 | 0.084 


From the standpoint of mate- 1 Ke 


rials costs, as shown in the table, 1 Mc 0.013 | 0.016 | 0.019 
j Dielectric Constant | 
slightly more than 


60 Cps 44 | 49 | 59 
general purpose 1 Kc 42 | 46 5.1 
—_—_—__ 4.1 43 43 


epoxies cost 
DAP’s (in 
grades) and much less than the 








silicones. Data for Hysol 8610 and Fiberite 2068. 





TABLE 3——PROPERTIES OF A HIGH STRENGTH 
EPOXY MOLDING COMPOUND: 
(Non-self-releasing ) 





Condition » Rm Temp¢ 


Wet at Rm Temp | 160 F 
| 

aameeogs s 

Thickness => Y% In.2| % in| % Ind | % Ind | % In. Y% In.4 








End of 
a Long Wait 


eile ..| 55.6 48.5 51.7 | 46.9 
Mod of Elast, 10° psi. . ve 2.44 | 271 2.44 2.75 | 1.97 2.44 


For more than four years there 
has been much speculation about 
epoxy molding compounds. Pre- 
liminary data sheets have been 
published . . . and one of the 
compounds discussed here has 
been in use for approximately 
a year and a half. But because 
of the developmental nature of 
the materials little useful design 
information has been available. 
This article is the first compre- 
hensive report on the materials. 
As indicated in the box opposite, 
in addition to the two types on 
which data are available at this 
time, several other epoxy mold- 
) ing compounds are at various 


Dies 0250 ; 200 300 400 +1: 
Temperature, F stages of availability. 





% I In.¢ Yy In.4 Y In.4 





Ult Str, 1000 psi... 2... eee. 96.4 75.5 | 56.0 

Mod of Elast, 106 psi. . 4.42 4.13 2.59 
aScotchply 1100. bFederal Specification L-P-406 test method given in parenthesis. 
c73.5 + 2.5°F; 50 + 5% RH. dThicknesses are nominal. 
Source: Martin Co M/DE, May '58, p 107 











Ultimate flexural strength 


= 
° 


Modulus of Elasticity, 10° psi 


| Wet at 73F-+ 


ta) 

S 
uw 
°o 


Modulus of 
elasticity 


> 

: = 
Nn 
° 


Flexurol Strength, 1000 ps 


~ 
en 
5 











Thickness, in 








Flexural strength vs thickness. Flexural properties vs temperature. 
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leasing; consequently molds must 
be treated with proper parting 
agents. According to the producer 
self-releasing characteristics could 
not be incorporated without sacri- 
fice in mechanical strength. 

It can be compression or trans- 
fer molded at pressures ranging 
from 250 to 10,000 psi. Cure 
times are substantially longer 
than for the self-releasing epoxy 
compounds. For example, a %-in. 
section required a cure of either 
10 min in the press followed by a 
16-hr post-cure, or 35-min cure in 
the press. One-inch sections re- 
quire either 35 min in the press, 
followed by a 16-hr post-cure, or 
70 min in the press. 

Table 3 and the 
typical mechanical 
obtainable with the 
Typical flexural strength 
values range from 76,000 to 93,- 
different 
order of magnitude than the 15,- 
000 to 16,000 psi values obtain- 


tovty Resineers Div., American Marietta Co 


Water impeller (experimental) which could be used in deep water wells 


represents a possible mechanical use for the self-releasing compounds. 


two graphs 
prop- 
com- 


show 
erties 
pound. 


000 psi—a completely 


glass-reinforced 
self-releasing compound. Further 
property this high 
strength compound will be found 
in M/DE, May ’58, p 106 (New 
Epoxy-Glass Molding Compound). 


able in a 12% 
ES. 
ee. 

Houghton Laboratories, Inc 


Intricacy of design possible with the mineral-filled epoxies is demonstrated 
by these economically molded, diverse shapes. 


details on 





Here’s Where to Buy Them... and What to Expect in the Future 


Grouped below, by materials and polyester (Dacron) fibers; Future compounds include: 1) 


resistant 





suppliers and tradenames, are 
the epoxy molding compounds 
commercially available as of 
Apr 1, ’59. Also described briefly 
are other compounds which, ac- 
cording to the producers, are in 
various stages of development. 


Booty Resineers Div., American- 
Marietta Co., Newark, Ohio. 
Two commercial (self-releasing) 
compounds: T'ybon 5921-5—Min- 
eral-filled (no property data 
available). Tybon 5621-6, 5921-6 
—12% chopped glass fiber-rein- 
forced. 

Future compounds include: 1) 
A 50% glass fiber-reinforced 
compound, which is said to be 
available, but on which no data 
are available as yet. 2) Com- 
pounds reinforced with nylon 


they are now in developmental 
stages. 3) A group of self- 
extinguishing compounds (both 
mineral-filled and _ reinforced) 
have been developed and are now 
available. According to Booty 
Resineers, the self-extinguishing 
characteristic is obtained by a 
radically new approach 
“compounds do_ not 

chlorine in any form.” 


contain 


Fiberite Corp., Winona, Minn. 
Two commercial (self-releasing) 
compounds: Fiberite 2068—Min- 
eral-filled. Fiberite 2185—Chop- 
ped polyester fiber (Dacron) - 
reinforced (property data now 
said to be available). Fiberite 
2175—Molded coating and en- 
capsulating compound (property 
data now said to be available). 


Higher temperature 
grades, designed for use at 
500 F. 2) Higher impact grades 
making use of stronger rein- 
forcing fibers. 

Houghton Laboratories, _ Inc., 
Olean, N. Y. One commercial 
(self-releasing) compound: Hy- 
sol 8610—Mineral-filled, self-ex- 
tinguishing. 

Future compounds include a 

high impact (1-7 ft-lb per in. 
notch) glass-filled compound, 
available soon. 
Minnesota Mining and Mfg. Co., 
St. Paul, Minn. One high strength 
compound (requires mold release 
treatment): Scotchply 1100— 
65% chopped glass fiber-rein- 
forced. 
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Formed The forming of tungsten is similar to that 
of molybdenum in all respects excepting the temperature. 
However, grain size and shape, directionality, and uni- 
formity of both temperature and thickness are more 
important in forming tungsten than in forming molyb- 
denum. e For most forming operations on thin sheet, 
tools are heated to the range 600 to 1100 F. With stock 
thicknesses of 0.005 to 0.010 in., holes or blanks can be 
punched at 1100 to 1475 F. Satisfactory die-forming of 
tubular products from stock 0.010 te 0.015 in. thick re- 
quires uniform heating of the blank to prevent variable 
springback in the formed part. e Forming of heavier 
stock (0.100 to 0.200 in. thick) requires heating the 
blanks to 2000 to 2550 F, the temperature depending on 
the thickness. Punching of holes or circular blanks from 
stock 0.125 to 0.200 in. thick is done at 2200 to 2400 F. 
e Typical sheet metal products produced by these meth- 
ods are shown at left. Included are x-ray tube anodes, 
formed tubes, washers, and resistance heating elements 
for high temperature furnaces. The dental x-ray tube 
shown contains a tungsten target cast in copper to per- 
mit 'iquid cooling of the target during operation. 


Spun One of the most interesting developments in 
the fabrication of tungsten is spinning of shapes. Rolled 
plate and sheet thicknesses of 0.060 in. and 0.125 in. have 
been hot spun. Shown at left are cups, annular rings, 
and single and double-cone configurations. Contours 
comparable with those of rocket nozzles are possible. 
¢ It would be difficult to predict the many applications for 
parts fabricated in this manner. New product designs 
are possible in electronic tubes, in electrical contacts, in 
gyrocontrol components, in missiles, and perhaps in 


axe 


ordnance equipment. 





Complex Tungsten Parts— 


New Forming Methods 
Make Them Practical 


tures. The tensile strength of 
tungsten wire is about 25,000 psi 
at 3500 F, a temperature that is 
500°F above the melting point of 
pure iron and about 800°F above 


by R. W. Yancey, Consulting Metallurgist, Fansteel Metallurgical Corp. 
strength, tungsten shows real 
promise for some of the difficult 
rocket and missile applications of 


®@ Tungsten with simple 
shape have produced for 
many years, mainly by rolling and 


parts 
been 


punching sheet or swaging and 
drawing wire. Now, the develop- 
ment of new hot working tech- 
niques—using high temperatures 
and high rates of deformation— 
makes it possible to press, spin, 
extrude and forge parts from 
tungsten, greatly broadening its 
field of application. As a result, 
because of its exceptional hot 
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the future. 
Properties of tungsten—and 
how they affect fabrication 
Previous difficulties in fabricat- 
ing tungsten have been related to 
its high melting point, excellent 
hot strength, and low ductility at 
normal temperatures. As shown 
in Fig 1, tungsten retains its ten- 
sile strength to high tempera- 
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the melting point of commercial 
steels. Though desirable for high 
temperature applications, this 
high hot strength makes it nec- 
essary to work tungsten at ele- 
vated temperatures. Cold working 
of tungsten, in the true metallur- 
gical sense, is done at tempera- 
tures as high as 2550 F. By com- 
parison, conventional materials 





Forged Although sintered bars have been forged in 
flat sections since the working of tungsten began, the 
forging of tungsten shapes is just beginning. The ability 
to forge tungsten products into various shapes makes it 
possible to take advantage of the many desirable char- 
acteristics of tungsten that have not as yet been fully > 
realized. The savings obtained by forging both small and 
large parts are greater with tungsten than with other 
metals which are more readily machinable. e Parts shown 
at right were made by forging swaged rod or pressed 
and sintered disks. The rod was upset in a series of 
operations; the heavy tungsten x-ray target was hammer 
forged from a flat cylindrical section. 


Extruded Seamless tungsten tubing has been con- 
sidered impossible to fabricate by extrusion, but recent 
advances in tooling and lubricants are promising. Tung- 
sten can be forward extruded with a 70% reduction in 
area, suggesting the possibility of fabricating seamless 
tubing under proper conditions. An extruded tungsten 
tube is shown at right. Tungsten tubing in the hands 
of the electron tube designer might permit changing the 
design to obtain more reliable or higher powdered tubes 
having minimum dimensions. 





Deep drawn Plate and sheet, ranging from 0.060 
to 0.170 in. thick, are being deep drawn at high tem- 
peratures into the shapes shown at right. Product design 
possibilities include boats that may be used for evapo- 
rating metals, for firing ceramics and for electronic tube 
parts. Circular cups also offer many possibilities, e.g., 
a new type of x-ray tube anode which might reduce the 
overall size of the envelope, yet have the same heat dis- 
sipation at the same tube rating. e Drawn tungsten cups 
can be machined and ground to extremely close toler- 
ances. This suggests their use as gyroscope rotors. A 
gyroscope rotor made from pure wrought tungsten sheet 
or plate would contain no voids, would be also 20% 
heavier than the tungsten alloys used at the present 
time, and would have a coefficient of thermal expansion 
about half that of the materials now used. If expansion 
is a factor in reliability, a pure tungsten rotor may offer 
considerable advantage in the construction and operation 
of directional control mechanisms for spacecraft. 





one-third and the modulus of elas- 
ticity roughly twice that of iron. 
particular importance to 


tungsten. Alloying is sometimes 
effective in lowering the transi- 
tion temperature, and some alloys Of 


are normally hot worked at lower 
temperatures. Fig 2 shows the 
effect of cold working on the 


strength of tungsten sheet. Hard- 
ness also increases as the material 
is worked. 

Another factor which must be 
considered in the working of 
tungsten is the transition temper- 
ature. As shown in Fig 3, the 
transition from brittle to ductile 
behavior occurs considerably 
above room temperature—another 
factor that makes elevated tem- 
peratures necessary in working 


can be fabricated below the tem- 
peratures required for unalloyed 
tungsten. 

Some of the physicai properties 
of tungsten are given in an ac- 
companying table. Tungsten has 
the highest melting point of all 
metals; carbon is the only element 
melting at a higher temperature. 
The density of tungsten is almost 
twice that of lead. The coefficient 
of expansion of tungsten is about 
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Fig 1—Tensile strength of tungsten 
is retained to high temperatures. 





Welded Although ductile tungsten welds may some 
day be commonplace, the present state of development 
leaves much to be desired. The weldments shown were 
made by fillet welding tungsten plate at 90 and at 180 
deg. Inert-gas arc welds and electron beam welding may 
find usage soon in cases where no impact or bending 
stresses are present. Before extensive use is made of 
tungsten weldments for structural members the transition 
temperature of the metal must be lowered. Some hope 
lies in the tungsten-rhenium alloys recently developed. 


Brazed Selection of a metal or alloy for brazing tung- 
sten components varies with the temperature at which 
the part operates. Tantalum foil, 0.001 in. thick, can be 
used to spot-braze tungsten sheets for service at high 


temperatures. For lower operating temperatures, gold, 


gold-nickel-copper alloys, silver, copper or nickel can be 


used. Brazing is usually performed in hydrogen or 
cracked ammonia atmosphere furnaces. A possible appli- 
cation is the brazing of tungsten cups to form radio- 
active isotope containers. Shown at left is a unit of this 
kind brazed with pure gold, which has the same density 
as tungsten. e Riveted—Rivets of tantalum or molybde- 
num can be used in assembling structures larger than 
electronic tubes. High temperature furnace assemblies, 
for instance, can use this type of construction when the 
proper atmosphere is provided. For structural parts of 
aircraft or missiles, riveting will undoubtedly be selected 
as the assembly method. 





swaging dies, wire drawing dies, 
crank presses or high speed hy- 


These mechanical and physical 
properties show that tungsten 


fabricability are thermal conduc- 
tivity and specific heat. Tungsten 


cools rapidly because of its excel- 
lent thermal conductivity and low 
specific heat. Thus working must 
be done rapidly. 
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Fig 2—Tensile strength and hard- 
ness of tungsten are increased by 
working at temperatures up to 


2550 F. 
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must be fabricated at high tem- 
peratures at high rates of defor- 
mation. The work-piece must 
enter the tools and be withdrawn 
before it can cool below the tran- 
sition temperature. Types of tool- 
ing suitable for fast working ar 
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Fig 3—Transition temperature of 
tungsten is considerably above room 
temperature. 
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draulic presses, rolling mills and 
spinning lathes. 


PHYSICAL PROPERTIES 





Density, Ib/cu in.. 0.697 
Melting Point, F ; 6170 
Ther Cond, Btu/hr/sq ft/°F /ft 
1340..... ; 48 
3140 ; 64 
4580 73 


Coef of Ther Exp, per °F* 
85 2.47 x 10-6 


1885 2.88 x 10-6 

3685 4.03 x 10-6 
Specific Heat, Btu/Ib/°F 

68-212 0.034 

1830 0.367 
Electrical Resistivity, microhm-cm 

68..... 5.5 

2190 40.4 

4350... — 
Mod of Elast in Tension, psi 50-60 x 108 
Ther Neutron Capture 

Cross Section, barns/atom 
Emissivity, w/sqcm 

1340 

3140 

4580 





aWire. 





Feedwater heater uses standard hemispherical steel head shapes to eliminate 
flanges and bolted gasket joints. 


Designing with 
Head Shapes 
Can Save You Money 


The main requirement: design the part to 
include a surface of revolution. And don’t 
forget that the standard head shapes available can 
be modified by flame cutting and welding. 


by Herbert A. Ottey, Lukens Steel Co. 


@ Head shapes are commonly 
thought of merely as structural 
parts forming the ends of storage 
tanks and pressure vessels. But 
today, whether used in basic form 
or modified, standard head shapes 
are being used in a variety of 
ways to simplify design, cut fab- 
rication costs, and increase oper- 
ating efficiency. 

Basically, a head shape is a sur- 
face of revolution. Therefore, any 
portion of a machine that com- 
prises such a surface, or that can 
be designed as a surface of revolu- 
tion, is potentially the spot for a 
head shape. Applications include 
such dissimilar items as safety 
guards on grinding wheels, turn- 
table bases for fire-engine aerial 
ladders, and ventricular circuit 
breakers for electric power plants. 
Advantages of designing 
with head shapes 

e@ By incorporating a prefabri- 
cated shape in a design, consider- 
able production time can be saved. 
The shop starts with a _ semi- 
finished product rather than a raw 
material. 

@ Because head shapes can 
often be supplied from stock, less 
inventory need be carried on com- 
ponents needed in volume. 

@ Use of a semifinished product 
reduces the equipment needed, 
often enabling designers’ shops to 
avoid purchase of special equip- 
ment needed to fabricate that part 
of the product. 

@ Uniform structural strength 
is assured. Since head shapes are 
spun or pressed from steel plates, 
they have a dense, homogeneous 
structure free of sand pockets and 
blow-holes. 

@ Steel plate construction often 
results in a ligter part than a 
casting or combiwation of casting 
and built-up structure. 

@ Dimensions are uniform, to 
fairly close tolerances, and proper 
design can eliminate or reduce 
machining time. Dimensional ac- 
curacy also facilitates assembly. 

@ Since large one-piece parts 
are used, fewer joints or seams 
are required. Thus, riveting or 
welding expense and time are 
minimized. 
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Flanged and shaliow 


dished dished 
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Standard flanged and 
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Flanged and dished 
ASME code - 
API-ASME code 


Elliptical dished 


Flanged only 
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Flared and dished 
bellied 


Flanged and dished 


Flonged and reverse 
dished 





Flanged and conical 





Flanged hemispherical 
dished 
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Toed out flanged 
only only 


Toed in flanged 


Standard flanged and 
dished, flued 


Standard head shapes are produced in 15 different types. 


SOME MATERIALS USED FOR HEAD SHAPES 





Material Condition 


Mechanical Properties * 
Elong (in 


Ten Str, |  Yid Str, 
2 in.), % 


1009 psi 1000 psi 





STEELS 


Tl Quenched, Tempered 

9% Nickel Double Normalized, 
Tempered 

Tricent Heat Treated 

H.11 Heat Treated 

£4340 Heat Treated 


TITANIUM ALLOYS 


Heat Treated 
Heat Treated 


6 Al-4V 
13 V-11 Cr-3 Al 





115-135 100° 18 


90» 60> 20 
280-320 10 
290 240 8 
260 8 


170 150 6-8 
3-5 


180-200 170-190 





"Tensile and yield strength depend on a number of factors, These are typical values 


"Minimum 


@ Pressed or spun head shapes 
have a fairly smooth, well-finished 
surface. 

Available forms—and how 
they can be modified 

The 15 basic head shapes are 
shown in the accompanying draw- 
ings. Although many applications 
require use of the entire head, 
others can be developed in which 
parts of the head are used effec- 
tively; modifications are made by 
flame cutting to remove material 
or by welding to add material. 

Flame cutting — head 
shapes are often modified by flame 
cutting to: 

1. Make holes or remove por- 
tions of the head. 

2. Obtain semicircular shapes. 

3. Remove a sector. 

4. Obtain spherical segments or 
rings for rims or flanges. 


Basic 
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Welding—Material can be added 
to modify head shapes by welding. 
Examples are: 

1. Forming a gear cover by 
welding halves of a head to a 
plate. 

2. Forming a pedestal by weld- 
ing a head to a piece of tubing. 

3. Forming a bracket by weld- 
ing a bearing mount to a head 
shape. 

The combination of cutting and 
weldi..g offers designers consider- 
able flexibility in adapting head 
shapes to varied applications. 
Some of these developments are 
reflected in the applications listed 
in the box above. 

Sizes and tolerances 

Heads have been produced from 
plate ranging from % to 7% in. 
thick and in diameters ranging 
from 4 in. to 20% ft. 
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Flanged only, flued 


Flanged only, belled 





Some Uses 
for Head Shapes 


Blast deflectors and valve plates 
for heavy check valves. 

Rolls, end pulleys and plates for 
conveying machinery. 

Rims or shrouds for centrifugal 
fan wheels. 

Cylindrical heads in hydraulic 
elevators. 

Sealing rings for round hatches. 

River marking buoys. 

Radar antenna parts and turret 
bodies for radar pedestals. 
Covers or housings for circular 
machine components, such as 

gears. 

Bases, pedestals, frames and 
other circular structural mem- 
bers. 

Fan shrouds for locomotives, 

Disks in large vacuum valves. 

Dust covers in clay working ma- 
chinery. 

Bellmouths for jet engine noise 
suppressors. 

Heads for pontoons. 

Covers for industrial floor pol- 
ishers and vacuum cleaners. 





Closer tolerances can be held 
on pressed heads than on spun 
heads. Pressed heads are normally 
produced to an out-of-round toler- 
ance of 14 in. on the diameter. 
Spun heads are generally produced 
with an out-of-round tolerance of 
1% of the diameter, although a 
maximum of % in. is held on 
small heads. 





Turnable base for motor-driven 
aerial ladder is built from carbon 
steel, flanged head shapes. 


Materials 

Heads are produced from a wide 
variety of materials. These in- 
clude the entire range of carbon 
steel plates; alloy steels such as 
chromium - molybdenum, carbon- 
molybdenum and manganese-mo- 
lybdenum; the standard stainless 
steels; and such high strength 
steels as T-1, H-11 and Tricent. 
Heads have also been produced 
from aluminum alloys, copper and 


copper alloys, nickel and nickel 
alloys, and titanium. 


Clad steels are widely used. 
Heads are produced from carbon 
steel clad with stainless steels, 
monel, Inconel, copper and silver. 

The properties of the alloys after 
forming into heads are the same 
as those of the plate from which 
the head has been formed. Spin- 
ning or pressing does not alter 
these 
some of the materials that have 
been used in the production of 
heads are given in the table. 
Pressed vs spun heads 

Head shapes are made either by 
spinning or by pressing, the 
choice of the method depending 
on such factors as quantities and 


properties. Properties of 


size. 

Pressed heads— For pressed 
heads, it is necessary to have 
presses of adequate capacity and 
dies of the desired shape and di- 
mensions. The cost of a set of 
dies is justified only when there 
is a big demand for the size. 
Pressing permits higher produc- 
tion rates than spinning. 


Circuit breakers «are 
head shapes, see p. 78. 


Butterfly valve disk is a dished head 168 in, in dia. 


Spinning is more 
spun 


Spun heads 
versatile than 
heads can be produced in any 
fractional increment of diameter 
for which production equipment 
is available, usually without addi- 


pressing ; 


tional die cost. Spinning is used 
for production of limited quanti- 
ties of small heads or for head 
shapes that are too large to form 
on the pressing equipment that is 
available. 
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Steel and aluminum pipe coated with 
urethane coating withstand postforming operations and 


resist acids, alkalis and solvents. 


Storage tanks for organic solvents 
are sprinkled with water to keep 
them cool in summer. Urethane coat- 
ings have provided good protection 
for four years and reduced mainte- 


nance costs. 


a er ae 
“Tube Kote, Inc. 


baking-type 


Poly-Form Mfg. Co. 
Floor plate gratings after six 
months exposure to highly corrosive 
sulfuric acid atmosphere. Corroded 
grating on left was coated with as- 
phalt paint; undamaged grating on 
right has urethane coating. 


Tough, Chemical Resistant 
Urethane Coatings 


@ High resistance to water, chemicals, solvents 


and weathering 


@ High resistance to wear and shock 


© High dielectric properties 


by R. S. Sansone, Product De velopment Dept., 
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Mobay Chemical Co. 
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Poly-Form Mfg. Co. 


Pleasure boat coated with urethane system is guaran- 
teed against deterioration for two years. 


Chlorine feed tank (right) coated 
with urethane system resists weath- 
ering, salt air and industrial gases. 
Under same _ conditions, ordinary 
coating on horizontal feed pipe failed 
after short time. 


@ Urethane coatings have been 
successfully used for many years 
in Europe for a variety of pro- 
tective applications. Their use in 
this country is comparatively re- 
cent; however, within a_ short 
time they have demonstrated a 
unique combination of mechanical 
and physical properties and resis- 
tance to a wide range of corrosive 
media. Here are the major types 
of urethane coatings, their prop- 
erties and their uses. 
Chemical and corrosion 
resistant coatings 
Types—Chemical and corrosion 
resistant urethane coatings now 
available can be divided into three 
basic types: TDI-adducts, prepo- 





Poly-Form Mfg. Co. 
Engine used to drive sewage pump 
is protected with urethane ccating 
which resists heat, corrosives, fuels 
and lubricants. 


Water gas generator is protected 
against corrosive fumes by urethane 
coating able to withstand tempera- 
tures from freezing to 250 °F. 


lymers, and baking types (for 
chemistry, see box at right). Also 
in this category are the newly 
announced polyurea coatings which 
are based on the reaction of ure- 
thanes with amine-bearing resins. 
1. TDI-adducts — The most 
corrosion resistant air-dry ure- 
thane coatings are based on a 
TDI-adduct-polyester resin sys- 
tem (see box). These coatings are 
supplied in two-package systems 
made up of a resin package and 
an isocyanate package as follows: 
Resin pkg 
Resin Isocyanate adduct 
Pigment Solvents 
Additives 
Solvents 


Isocyanate pkg 








What Are Urethane Coatings? 


Three basic systems 

The key ingredient in formu- 
lating urethane coatings is the 
versatile chemical, tolylene di- 
isocyanate (TDI). This chemical 
has come to be known as a 
“toxic” material. However, pro- 
vided that proper ventilation is 
used, it is actually safer to 
handle than many chemicals and 
solvents used in making plastics. 
In addition, special isocyanate- 
based chemicals have now been 
developed which make urethane 
coatings completely safe to use. 
These chemicals are the basis of 
three important urethane coat- 
ing systems. 

Adducts—In the most promi- 
nent system, TDI is reacted 
with polyols (alcohols containing 
many hydroxyl [OH] radicals) 
to produce adducts (the chemical 
name for addition products) 
that are much safer to handle 
than the TDI material itself 
Some adducts still have enough 
TDI concentration to cause mild 
irritation. Recently, however, 
methods have been perfected 
that produce highly refined ad- 
ducts which are completely safe 
to handle. These adducts are 
now being used in place of un- 
modified TDI to react with hy- 
droxyl bearing resins to make 
durable urethane coatings. Such 
hydroxyl resins are those that 
have an “active” hydrogen, that 
is a hydrogen that can be dis- 
placed by sodium. 

Prepolymers—Another way of 
making a more easily handled 
urethane coating is to pre-react 
TDI with hydroxyl-bearing res- 
ins to produce long chain poly- 
mers. These pre-reacted poly- 
mers are called prepolymers and, 
at the time of application, react 
further in the presence of moist- 
ure or catalysts to form tough 
films. 

Blocked adducts—Because of 
the highly reactive nature of 
adducts and prepolymers they 
have to be kept separate from 
the resins or catalysts until just 
prior to use. This difficulty can 
be overcome by making adducts 
that are chemically “blocked,” 
or nonreactive at ambient tem- 
peratures. Thus, the blocked ad- 


ducts can be blended with resins 
and catalysts into one package 
without any reaction taking 
place. Reaction occurs only when 
the coating is baked. High tem- 
peratures then release the block- 
ing agent and allow the adduct 
to react with the resins and 
form the final coating. 


Resins that can be used 

Materials that contain hy- 
droxyl or amine groups, such as 
alcohols, polyols, amines, poly- 
amines, polyesters, epoxies and 
phenolics, are but a few of 
the hydrogen-bearing compounds 
capable of reacting with TDI to 
form long chain molecuies. How- 
ever, the basic resins currently 
being used with the three ure- 
thane coating systems discussed 
above are saturated polyester 
resins, polyether resins and 
castor oils. 

End properties of the coating 
depend on both the type of 
resin and the proportion of iso- 
cyanate used. The resin determ- 
ines such properties as flexi- 
bility, hardness, and resistance 
to impact and abrasion. In gen- 
eral, increasing the proportion 
of isocyanate to resin will pro- 
duce increased coating durabil- 
ity. At present the two coating 
systems that appear to have the 
greatest potential for industrial 
applications are 1) the two- 
package air drying coatings 
using a TDI-adduct with poly- 
ester resins or castor oils, and 
2) the prepolymer coating sys- 
tem with catalyst. 


Other coating systems 

Because of their versatility 
and ability to react with active 
hydrogen-containing compounds, 
technologists expect that poly- 
isocyanates can be used to pro- 
duce completely new and differ- 
ent urethane coatings with 
properties not obtainable in any 
other coating system. Polyiso- 
cyanates have already been used 
to upgrade the properties of lin- 
seed and other natural oils, coal 
tar enamels, and alkyd, epoxy 
and phenolic coatings. They are 
also being used to modify sili- 
cones to improve adhesion and 
lower costs. 
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Just prior to application the 
isocyanate package is added to the 
resin package and mixed thorough- 
ly. Pot life of the mixture is usu- 


ally 8 to 24 hr, which allows for 
handling of convenient quantities 
on a job site. Ordinarily, the coat- 
ings have a combination of low 


TABLE 1—PROPERTIES OF URETHANE COATINGS: 





Chemical 
Resistant 


Type > 


Baking 


Flexible 
Prepolymer 


Flexible” 





APPEARANCE 


Color 

Color Retention 
Initial Gloss 
Gloss Retention 


MECHANICAL PROPERTIES 


Hardness 

Adhesion 

Flexibility and Impact 
Resistance 

Abrasion Resistance 


CHEMICAL RESISTANCE 





Cold Water Exc-+ 


* Exc Exc Exc 


Hot Water 
Solvents 
Aliphatics, Aromatics 
Alcohols, Ketones, Esters 
Alkalis 
Acids 
Dilute 
Concentrated 





Fair Fair 


Exc Exc 
Fair-good Good 
Good Good 


Fair-good Fair-good 
Poor Poor 


ENVIRONMENTAL PROPERTIES 


Heat Resistance 
Exterior Durability® 


APPLICATION 





Methods . 
Approximate Solids at 
Spray Viscosity, % 

Clear. iia 
Pigmented (white)® 

Thickness (sprayed), mils 

Cure 

Bake Schedule. 





Exc 
Exc! 


Unlimited Unlimited 


40 40 
50 50 
1-2 1-2 
AorB B 


10 min'@ 250 F |30min@ 300-350F 10 min @ 250 F 


Fair 


Exc 
Fair-good 
Good 


Fair-good 
Poor 


Unlimited 


40 

50 

1-2 
AorB 


Fair 
Exc 
Fair-good 
Fair-good 


Fair-good 
Poor 


Unlimited 


35 
1-2 
AorB 
15 min @ 260 F 





*Exc+ 


generally superior to other organic coatings; Exc 


tainable with other urethanes or other organic coatings. 
*Two-component system using isocyanate-adducts and linear-type polyester or polyether resins. 


°*After exterior exposure. 


excellent but not the optimum ob- 


dLoss of gloss due to chalking; does not affect other coating properties. 


viscosity and high solids content 
which allows them to be easily ~ 
applied in heavy thicknesses. How- 
ever, suitable viscosity improvers 
can be incorporated if lower solids 
content is desired. 

2. Prepolymers—Two-package 
prepolymers (see box) are also 
available for protection against 
chemicals and corrosion. These 
prepolymers are made up as fol- 
lows: 


Prepolymer pkg Catalyst pkg 





Catalyst 
Solvents 


Prepolymer 
Solvents 
Additives 
Because of their reactive na- 
ture, prepolymers are difficult to 
pigment and thus are available 
only as clear coatings. In order 
to provide adequate stability in 
the can, prepolymers are usually 
made up with linear-type resins. 
Such resins do not provide very 
good resistance to chemicals, but 
they are quite resistant to water, 
weathering and wear. 

8. Baking types—As in the 
case with most coatings, the prop- 
erties of urethane coatings can be 
improved by baking. Special bak- 
ing-type urethane coatings based 
on a blocked-type isocyanate ad- 
duct (see box) have higher chem- 
ical resistance and durability than 
all other types of urethane coat- 
ings. 

4. New polyurea coatings— 
Recent announcement has _ been 
made of a new class of solvent or 
water emulsion coatings based on 
the reaction of diurethanes (toly- 
lene diisocyanate reacted with ali- 
phatic alcohol) with amine-bear- 
ing resins. These coatings (espe- 


cially the one-package water emul- 
sion coatings) are expected to be 
especially useful as_ industrial 
primers or as one-coat protective 
coatings. 

Except for the lower gloss of 
pigmented water emulsion coat- 
ings, there is little difference be- 
tween the properties of solvent 
and water emulsion polyurea sys- 
tems. Coatings are available that 
successfully resist immersion in 
10% hydrochloric or acetic acids, 
or 20% sulfuric or nitric acids. 
Coatings have been immersed for 
300 hr in caustic solutions with- 


fClear and pigmented. eClear only. 
can be baked. 


eOther than gloss retention. 
bTitanium dioxide. iA can be air dried; B 





TABLE 2—WHERE URETHANE COATINGS ARE USED 





Chemical 
Resistant Type 


Machinery, swimming pools, drums, tanks, floors, structural steel, laboratory and 
hospital furniture. Various chemical and petroleum equipment. Marine and 
industrial maintenance coatings 


Cans, drums, pipe, tanks, impregnating varnishes, self-solderable wire, coatings. 
Coatings for brass, copper, aluminum and glass surfaces 


Baking Type 


Molded rubber goods, toys, textiles, plastics, glass cloth, leather, conveyor belts, 
masonry 


Flexible Type 


Molded rubber goods, toys, furniture, cloth, paper, leather, floors, marine parts. 
Interior and exterior finishes for wood and masonrv 


Flexible 
Prepolymer Type 
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out damage. Excellent resistance 
to water, aliphatic hydrocarbons 
and hexane is also obtainable. 
However, the coatings soften in 
contact with butanol, methyl ethyl 
ketone, and toluol. 


Properties—The best of the 
corrosion resistant urethane coat- 
ings provide excellent resistance to 
moisture, water immersion, chem- 
icals, solvents, hydraulic fluids 
and weathering. In combination 
with these properties, the coatings 
can also be provided with high 
hardness and good impact prop- 
erties which make them highly 
resistant to wear, chipping and 
mechanical abuse. All of these 
properties are generally obtain- 
able in an air-dry urethane coat- 
ing based on a TDI-adduct-type 
isocyanate. The chemical resist- 
ance and durability of these coat- 
ings is claimed to be higher than 
that of any other type of air-dry 
coating. 

Urethane coatings are not pres- 
ently practical where a high de- 
gree of whiteness retention is re- 
quired. The coatings tend to 
yellow in white and pastel shades 
on exposure to ultraviolet light 
and are thus unsuitable for light 
appliance colors. Such yellowing, 
however, does not affect the cor- 
rosion resistance or durability of 
the coatings. Urethane coatings 
are comparable in color and gloss 
retention to other corrosion re- 
sistant coatings, and are con- 
siderably better than conventional 
oil-type varnishes. 


Applications—The unique com- 
bination of properties of urethane 
coatings has been utilized in a 
variety of applications. Air-dry 
coatings are now successfully be- 
ing used in swimming pools, on 
concrete and wood floors, fuel 
tanks and barges, interior and 
exterior water storage tanks, pipe 
lines, garages, bowling alleys, 
laboratory furniture, machinery, 
ventilation equipment and marine 
equipment. A number of protec- 
tive and decorative coatings are 
also available for wood finishing. 
The natural beauty of wood is 
greatly enhanced by clear ure- 
thane varnishes which have a 
deep, rich luster. 


A noteworthy application of the 
special blocked adduct baking 
coatings is their use on magnet 
wire and other uncovered electri- 
cal wire. In addition to their high 
durability these coatings have ex- 
cellent dielectric properties and 
are unique in that they have a 
self-fluxing action, i.e., they do not 
need to be removed prior to sol- 
dering the wire. Because of these 
properties, the coatings are be- 
coming increasingly popular for 
coating fiberglass cable coverings. 

The baking-type urethane coat- 
ings are also being successfully 
applied to oil well drilling pipe 
where their high chemical and oil 
resistance and resistance to shock 
provides a versatile and tough 
coating system. 


Flexible coatings 

Urethane coatings with a high 
degree of flexibility can be formu- 
lated from either: 1) a two-pack- 
age system using  isocyanate- 
adducts and linear-type polyester 
or polyether resins, or 2) prepoly- 
mers with catalysts. The isocy- 
anate-adduct-resin systems are 
available as pigmented or clear 
coatings, whereas the prepolymers 
are available only as clear coat- 
ings. In some applications, it is 
convenient to apply a clear pre- 
polymer topcoat over a pigmented 
isocyanate-adduct-resin base coat. 

The degree of flexibility obtain- 
able with urethane coatings de- 
pends on the resin used and the 
ratio of resin to isocyanate. Nor- 
mally, a linear polyester or poly- 
ether resin with an isocyanate 
adduct will produce coatings of 
sufficient flexibility to be used on 
such substrates as paper, leather, 
glass cloth, textiles and rubber. 

Although they show some loss 
in chemical and solvent resistance, 
air drying flexible urethane coat- 
ings provide outstanding resist- 
ance to weathering and wear. 
These coatings are being suc- 
cessfully used on such flexible 
substrates as tarpaulins, leather 
and rubber footwear, automobile 
weatherstripping, conveyor belts 
and sporting equipment. 
Primers for urethanes 

For most exposure conditions, 
a baked urethane coating does not 


Swimming pool needs less mainte- 
nance when protected against water 
and weather with urethane coating. 


require a primer. Even air-drying 
urethane coatings have excellent 
adhesion to clean, dry metal sur- 
faces. However, air drying coat- 
ings must be applied over a pri- 
mer in immersion service and 
highly corrosive atmospheres. 

Conventional polyvinyl] butyral 
wash primers are good for aque- 
ous immersion or industrial at- 
mospheres. Epoxy-amine primers 
are recommended where exposure 
to chemicals and solvents is likely. 
Another excellent primer is a one- 
package urethane-modified epoxy 
system which has excellent water 
and chemical resistance when used 
with urethane topcoats. 

When urethane coatings are to 
be applied to wood surfaces, it is 
important to consider what type 
of pretreatment will provide the 
best results. Coarse-grained wood, 
such as redwood and southern 
yellow pine, should be filled to 
prevent excessive soaking of the 
coating. Commercial oil or water- 
base wood fillers for open-grain 
woods are not recommended with 
urethane coatings because they do 
not promote adhesion. However, 
a wood filler based on castor oil 
has been developed for urethanes 
which has excellent adhesion and 
is easily applied, non-drying and 
inexpensive. This filler soaks into 
the wood and promotes adhesion 
by reacting with the isocyanate 
in the coating. 
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Quick-release fasteners were used to assemble this radome. They were bonded to both skin and core of glass- 
reinforced plastics laminates during fabrication. 


How to Use Mechanical Fasteners 


with Reinforced Plastics 


Many standard fasteners developed for other materials can be used 
with glass-reinforced plastics. This article tells how to select and 
design for bolts, screws, inserts and rivets. 


by Marshall D. Weiss, Owens-Corning Fiberglas Corp. 


@ Although many assembly prob- 
involving glass-reinforced 
plastics are solved by adhesive 
bonding, there are cases where 
mechanical fastening is necessary. 
Such cases include access doors, 
parts requiring replace- 
ment or removal for repair, joints 
subjected to complex loading, and 
joints involving materials of dif- 
ferent thermal expansions. 

The principal 
are bolts, rivets and screws. Con- 
sideration must always be given 
to the fact that the low ductility 
of the plastics will cause 


lems 


covers, 


fasteners used 


local 
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stress concentration and result in 
unequal load distribution. The 
lower values of shear and bearing 
strengths also require that plas- 
tics be treated with more care 
than metals. 
Bolts 

In specifying a_ bolt-and-nut 
fastening for a particular joint 
design, consideration must be 
given not only to the expected 
service loads but also to the as- 
sembly stresses set up in the 
fastener. Excessive torque at as- 
sembly, particularly with small 
bolts, can cause damage to the 
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plastics surfaces under the head 
or nut. This is true even though 
the axial load developed from the 
torque may only be 10% of the 
total. When the total load is con- 
sidered it may be necessary to 
provide washers or bolting strips 
against the plastics surfaces. In 
severe cases metal spacers (see 
Fig 1) may be used. 

Bolt size—A minimum ratio of 
bolt dia to laminate thickness 
d/t) of 1 allows the plastic to 
develop full bearing strength. If 
d/t 14 it is possible to shear 
the bolt before the plastic fails. 
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Hole size—Holes should be well 
aligned and drilled or reamed 
1/64 in. larger than bolt dia. Mis- 
alignment results in large stresses 
when the fastener is inserted. 

Spacing—At small edge dis- 
tances, failure usually occurs 
through shear-out at the ends, or 
through tensile failure of the 
outer section. It is not correct 
to base the load-carrying capacity 
of the outer section on the section 
area and tensile strength of the 
plastic. The effect of notch sen- 
sitivity must also be taken into 
account. This is done by multi- 
plying the average stress by 314. 
Design tables will then indicate 
that an edge distance of 4.5 times 
the bolt diameter (d) and a side 
distance of 3.5 d should be the 
minimum. Side distance is meas- 
ured along the line of bolt cen- 
ters; edge distance perpendicular 
to the centerline. 


Rivets 

Rivets are used particularly 
when joining plastics to a metal, 
with the rivet head on the plastic 
If at all possible, riveted 
joints should be designed so the 
rivets are not in tension. If ten- 
sile loading is unavoidable, the 
tensile strength of a rivet may 
be taken as one-half the standard 
safe shear values for the parti- 
cular rivet diameter. 

Rivet — Diameter should be 
equal to or greater than plastic 
thickness. The rivet point should 
protrude beyond the metal a dis- 
tance equal to or greater than the 
rivet diameter. 

Hole size—Rivet holes need to 
be large enough for rapid and 
easy assembly but not so large as 
to allow bulging or buckling with 
consequent eccentric upsetting. A 
hole 1/64 in. larger than the rivet 
dia is generally adequate. 


side. 


Spacing—Spacing between riv- 
ets is determined from standard 
rivet shear strength tables by 
applying a safety factor of 3 to 4 
to allow for the bearing strength 
of the plastic. As for bolts, the 
minimum recommended edge dis- 
tance is 4.5 d and side distance 
is 3.5 d. 

Setting—The recommended rivet 


gun is a pneumatic hammer deliv- 
ering 1700 strokes per min at 90 
psi. The rivet set shape should 
correspond to the manufactured 
head. The bucking bar should be 
al or 1%-in. dia steel rod about 
15 in. long. 

Special rivets — Pull-through 
blind rivets have a pin which, after 
the rivet is driven, is pulled back 
through to expand the rivet to fill 
the hole. Aside from the obvious 
advantage of allowing the use of 
rivets where there is no access to 
one side, pull-through rivets are 
rapidly installed and less likely 
to cause damage to the plastics 
surface. 

Drive rivets are installed with 
a hammer by driving a steel 
groove pin into a cored aluminum 
rivet. Metal at the rivet head, 
originally displaced by grooved 
projections, flows back around the 
pin for added locking action. This 
type of rivet is also available in 
a variety of plastics materials: 
nylon, acetate, butyrate, polysty- 
rene and polyethylene. 


Screws 
Many joint designs are best 


satisfied by a fastener threaded 
into the plastic. Three basic types 
of screws are used—machine, 
thread forming and thread cut- 
ting. Fig 2 indicates the pull-out 
strength of average size screws 
of each type. Table 1 gives the 
holding force of machine screws 
in various types of glass rein- 
forced plastics. 

Thread forming screws, sup- 
plied as standard in case hard- 
ened steel and also available in 















































several types of 18-8 stainless 
steel, often resist vibration, ten- 
sion and shear stresses better 
than machine screws. Thread 
cutting screws are made in coarse 
and fine threads. The two types 
have about the same driving and 
stripping torques, but the fine 
thread type has less tendency to 
delaminate the entering surface 
of the plastic. 

Pilot hole size—With a particu- 
lar fastener and particular glass- 
reinforced plastic, pull-out strength 
varies directly with fastener dia- 
meter. As Table 2 indicates, for 
low glass-content mat laminates 
there is an optimum pilot hole size 
for maximum pull-out strength. 
For the cloth laminate and 37% 
glass mat laminate, the pull-out 
strengths are higher with smaller 
pilot hole sizes. That this is not 
true for the low glass mat is prob- 
ably due to stresses induced in the 
plastic in driving the fastener. 

Design factors—Table 3 enables 
the calculation of total strength 
of typical thread cutting and 
thread forming screws. The 
strength is based on a strength 
for initial penetration plus 
strength per each 1/16-in. addi- 
tional penetration. 

Other screws — Self-drilling 
screws have recently been devel- 
oped and should result in high 
cost savings. They are similar to 
the thread cutting type with the 
addition of an off-center cutting 
edge and a gimlet point. Their 
strength is expected to be slightly 
lower than that of the two self- 
tapping types. 

























































































Pull-Out Strengths for Screws Tas 9-sovees er eneramgeae 
SELF-TAPPING SCREWS 





TABLE 1—HOLDING FORCES OF MACHINE SCREWS IN GLASS-REINFORCED POLYESTER Material Drill Dia Strength, Ib* 
] i 
! 








Penetration | 4. Penetration | oe 0.2130..| 3110, 2830 


Screw Size | Material Type* Depth, Depth, 1000 Cloth | ..| 0.2210. .1 2870, 2690 
1/16 in. | Fore! 1 iygins | Fore! (569% glass) | 0.2280..] 2800, 2290 


0.2343..} 2080, 1815 





130-500 1-2 | 210-350 | 430. 580 
90-500 1-2 180-350 os ee 


— 2 | ao 0.2130..| 2690, 1510 





42 ‘aan |e 0.2210. | 2600, 1620 

| ioe 4 es (37% glass) 0.2280. | 2670, 1190 
| 60-600 1-2 180-380 (0.2343..| 2400, 1040 
- 0.2420. | 1870, 500 


yoni | 1-3 | 0-880 02130..] 1640, 1180 
100-1150 1-3 220-750 Mat 0.2210 1750, 1510 
A eee —s . T —++——— (15% glass) | 0.2280 1850, 1400 
on q 3-8 420-1500 2-4 850-1200 ; 0.2343. | 1670, 1130 
2-6 260-1500 2-3 750-1100 C 0.2420 1370, 380 
2-8 150-1500 2—4 60-1350 aFirst value is for type F, 4-20, thread cut- 
| a. a F ting screw; second value is for Z, 14/14, 
en 4-10 700-2800 2-5 thread forming screw. Penetration depth in 
2-8 320-2700 2=—4 both cases is % in. 
3-10 300-2300 3-5 

















+-12 820-4200 3-6 — 
3-10 520-4000 2-6 
3-12 | 400-3600 3-7 





5-14 1160-6000 4-7 3300-3900 
3-11 620-4850 3-7 2600-3300 
4-14 530-5000 4-10 2600-4000 





a 
ce) 
co) 


5-16 1300-8000 4-8 3800-5200 
4-13 950-6800 3-9 3000-4500 
4-16 580-6500 5-12 3800-5000 
6-17 1660-9800 5-10 5300-7500 
4-15 1100-7720 4-10 4500-6000 
4-18 620-8300 6-14 5500-6000 


Pull-Out Strength, Ib 


@ 
° 
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6-18 1820-12000 | 5-11 5800-9000 
5-16 1600-9,000 5-12 | 6000-9000 
4-20 650-10,000 | 7-15 | 6500-8000 











7-20 2200-15,300 6-13 7300—11,900 
5-18 1790-11,600 5-13 6500-10,000 
4-22 680—12,000 7-16 6800-11,000 , 
a See —=———— _ Penetration Depth, ig!” 

7-22 2550-20,600 7-15 8900—15,000 q ; ; 
6-22 | 2500-24,000 6-16 3000-15,000 Fig 2—Pull-out strengths of typical 
4-24 | 700-13,500 7-17 7000-17,000 screws used to fasten mat laminate 


(37% glass, 142 oz mat, polyester 














*Code:C = cloth; mat is 1 1/20z 
> Minimum and maximum values yielding corresponding axial and lateral forces as indicated resin). 


TABLE 3—PULL-OUT STRENGTH OF TYPE F THREAD CUTTING SCREWS 





1 1/2-0z Mat (37% glass) 1000 Cloth (66.5% glass) 


‘ , Initial Penetration, idi idi 
Type, Size Breaking Load, Ib 1/16 in. Strength, ib” 7“ oe Strength, Ib? —— 








SR cccccccccccecees| Beccccccccccecece ceccccccccccoce 10, 150 2-6 70, 130 2-4 

SER cccccccccccccccs | LBeccccccccccocces eee 130, 90 4-12 250, 185 4-9 

MER caccccsccccecese | SeePecccoccecsccsces ° ° 30, 230 4-12 400, 195 4-12 

VE-B, .ccccccvcccece eccccccccoeese ° 400, 300 5-17 350, 365 5-12 
Z, SBA, .ccccccccccccces ecccccees Zocccecccecccses 70, 150 2-6 110, 115 4-4 
2, GO-EB, ccccccccccccces cvccceccce eovcceccccececce 200, 165 4-9 110, 85 4-10 
©, BIB, cccccccccccecces ecccccsoce | Seccce 120, 170 4-15 180, 145 4-14 
Z, M14, .ccccccccccees eee ° ° 300, 300 5-18 100, 265 5-20 
Z, 3/812, ...eccccceeees ecccccccece 100, 410 2-16 200, 250 4-8 
"Code: F = type F thread forming screw; Z = type Z thread cutting screw 


> First value is strength at initial penetration depth ; second value is the additional strength for each additional 1/16 in. of penetration. 
“Range of penetration over which second figure in strength column can be applied 
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Inserts 

Among the advantages of in- 
ternally threaded inserts as com- 
pared with self-tapping screws 
are: 

1. The o.d. of the insert is 
much larger than the fastener it- 
self and affords increased bearing 
area. 

2. The larger shear area in con- 
tact with the plastic provides 
greater pull-out strength. 

3. The insert material is harder 
than the plastic and better able 
to take the wear out of repeated 
removal and replacement. 

4. Some designs provide locking 
features which prevent vibration 
loosening of the screw. 

Types—Inserts may be molded 
in place or installed after mold- 
ing. Molded-in-place inserts find 
better application in those parts 
made with premix molding com- 
pounds. When used with mat or 
preforms, adequate reinforcement 
immediately adjacent to the insert 
becomes a problem. 

Inserts installed after molding 
can be classified as one of three 
types: 

1. Self-tapping. These have ex- 
ternal threads with a cutting slot 
for forming mating threads in 
untapped holes. Once _ installed, 
the insert is firmly locked to the 
laminate. They are generally sup- 
plied in case hardened steel for 
glass-reinforced plastics in sizes 
from No. 4 to 3% in. 

2. Self-threading. One of the 
more popular forms of this type 
consists of a precision formed coil 
of diamond-shaped wire. When 
seated in a specially tapped hole 
it provides threads that resist 
wear and withstand higher loads 
than conventional tapped threads. 
The threads are flexible and per- 
mit shrinkage of the plastic with- 
out cracking of the insert. The in- 
serts are available in stainless 
steels, sometimes other metals, in 
sizes ranging from No. 4 through 
1% in. 

Other types of self-threading 
inserts are machined from solid 
steel stock. They are generally 
threaded into a tapped hole with 
a screwdriver or inserting tool. 


Some are provided with locking 
pins or collars to prevent the in- 
sert from turning during installa- 
tion or removal of the screw. 

3. Push-in inserts. These are 
simply pressed into drilled holes. 
They are held in place by knurls, 
fins or annular rings on their 
outer surfaces, expanding as the 
screw is inserted. The pull-out 
strength is governed by the size 
of the hole and is lower than for 
the other types. 

Other fasteners 

In addition to a number of 
highly specialized fasteners, two 
types of importance are staples 
and quick-release fasteners. 

Staples—The use of staples pro- 
vides a high speed method of fast- 
ening parts which have suitable 
flanges. The majority of applica- 
tions to date are those which re- 
quire a fastening to supplement 
an adhesive bond while curing. 

Quick-release types—Developed 
mainly for the aircraft industry, 
this fastener is most valuable in 
applications requiring frequent 
assembly or removal of covers, 
doors, etc. Some types have a de- 
sirable thermoplastic flange which 
bears against the surface of the 
glass-reinforced plastics and pre- 
vents damage through vibration 
stresses. 

Pre-fastener operations 

Drilling—Drill speeds of 65 to 80 
sfpm and a feed of 0.016 in. per 
rev are recommended for a 4-in. 
drill. The following points should 
help to achieve best results. 

1. Drilling 
to the laminations 
avoided. 

2. Drills must be kept sharp- 
ened. 

3. Drills specially designed for 
glass-reinforced plastics are best 
and should be 0.002 to 0.004 in. 
oversize. 

4. Some drill manufacturers 
recommend an included angle at 
the drill tip ranging from 55-60 
deg for thin sections to 90-100 
deg for thick sections. 

5. A piece of plastic, wood or 
metal should be clamped to the 
bottom surface of the plastic to 
prevent “breaking out.” 


operations parallel 
should be 


6. During drilling, the drill 
should be backed from the hole 
frequently to remove chips and 
allow cooling. 

7. Coolants are advisable be- 
cause glass-reinforced plastics are 
poor conductors of heat. 

8. Glass dust should be removed 
with an exhaust system. 

Punching—Punching holes re- 
quires about half the press capa- 
city used for steel. The following 
practices should be carefully ob- 
served : 

1. Punch diameter should be 
oversize by 4 to 5% of the section 
thickness. 

2. A stripping plate of high 
spring tension is necessary to 
strip the part from the punch. 

3. Die clearances should be half 
those specified for steel. 

4. Dies should be made of Car- 
penter No. 610, or equivalent, and 
hardened to Re 60. 

5. The minimum punched hole 
diameter should be *4 of the sec- 
tion thickness. 

6. Sharp edges are obtainable 
in sections up to 3/32 in. The 
quality in thicker sections up to 
5/32 in. is fair. Beyond, up to 
% in., the holes are rough but 
clean. 

Tapping—The maximum accu- 
racy is a Class 2 fit with a 75% 
thread. Inserts are used if a more 
precise fit is required. These rules 
should be followed: 

1. Tap drill holes should be 
smoother and slightly larger than 
for metals. 

2. In blind holes the tap drill 
should enter far enough to pro- 
vide a minimum clearance of three 
threads. 

3. Before tapping, the edge of 
the hole should be chamfered 
slightly with a countersink. 

4. Taps should be made of 
chromium-plated and ground high 
speed steel and should have two 
or three flutes. Gun taps are best 
for through holes. 

5. Taps should be 0.002 to 0.008 
in. oversize, preferably with a 
negative rake of up to 10 deg, 
depending on size and pitch and 
on type of material. 

6. False cutting 
avoided. 


should be 





Anodes, grids and baffles make use of graphite’s high temperature strength, refractoriness, electrical conductivity 


and dimensional stability. 
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The materials compared in the curves range from elec- 


trical conductors to insulators. Graphite is a very good 
electrical conductor, with a low re sistivity essentially 
J 


unaffected by temperature. Graphite’s electrical proper- 


ties can be altered substantially by control of rau 
and fabrication methods. Graphite is lower in 
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materia 


cost than most metal cenductors. 


Graphite— How It 
Compares with 
Metals, Ceramics 


by G. B. Engle and L. M. Liggett, Research 


Laboratory, Speer Carbon Co. 


The most common uses for graphite depend on its 
electrical conductivity, its high temperature strength 
and its good thermal characteristics (see box on p 
90). These properties of graphite have been widely 
reported. 

The purpose of this article is to compare these 
well-known properties of graphite with those of other 
engineering materials which are outstanding in elec- 
trical, mechanical or thermal properties. Materials 
for comparison were selected to cover the 32-5500 F 
temperature range. For example, such metals as 
aluminum and copper may be compared at the lower 
operating temperatures; certain alloys and refractory 
metals may be compared at intermediate operating 
temperatures: and cermets and ceramics may be com- 
pared at higher operating temperatures. 

Property values for materials such as graphite, 
cermets and ceramics may vary widely, depending on 
processing variables or specific raw materials used. 
The property data in the following sections have 
been carefully selected from the literature as being 
representative of the various materials. In some cases 
a range of properties is given. 


rh article is adapted from a paper t d at the ‘58 Fall Meeting of the Electrochemical Society, held in Ottawa, Ont 
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Tensile strength and modulus 
The most important strength characteristic of graphite is that strength increases with increasing temperature up 
to about 4500 F. The curves show graphite’s room temperature tensile strength (left) and modulus (right) to be 
much lower than in most other materials. However, above 2500 F, where strengths of other materials fall off rapidly, 
graphite’s strength increases with temperature. 
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Strength-to-weight ratio 

On the basis of strength-to-weight ratio (tensile strength 
Exhaust vanes and divergent cones for mis- density), the low weight of graphite provides a smaller 
siles make use of graphite’s high temperature difference in strength between materials, than compari- 
strength, refractoriness and dimensional sta- sons based on strength alone. Graphite’s density is about 
bility. 0.05-0.07 lb per cu in. 
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Coefficient of Thermal Expansion, per °*F* 
Copper 





Graphite 
Parallel to Extrusion 
Perpendicular to 
Extrusion 


2.1-2.8 x 10-* (32-6300) Mone!/ 
ents al Aluminum 
3.5 x 10-¢ (32-6300) ; 
4.4 x 10-€ (68-2900) 
7.8 x 10-* (68-2500) 


2.4-2.5 x 10-€ (68-3000) 


Aluminum Oxide (Al.0,;) 
Magnesium Oxide (MgO) 
Silicon Carbide (SiC) 
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Cermet (TiC-Ni)' 


— Molybdenum 


4.5 x 10-6 (32-1200) 
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4.0 x 10-€ (80-3600) 
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aComplete list of sources for data available 
from authors. Parenthetical values are tem- 
perature ranges in °F. 

10 TiC-30% Ni. 

67 Ni-30 Cu-1.4 Fe-l Mn-0.15 C-0.1 Si-0.01% 
Ss. MgO 
68.9 Fe-17 Cr-12 Ni-2.56 Mo-0.1% C. 
Representative values for Co-Cr-Ni and high 
Ni alloys 
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Thermal expansion 
Graphite’s low coefficient of thermal 
expansion contributes to good ther- 
mal shock resistance and high tem- 
perature dimensional stability. As 
can be seen in the table, of the met- 
als only tungsten and molybdenum 
range as 
graphite. Of the nonmetallics, only 
silicon carbide 
coefficient in the same range, and its 
limited to 
to about 3400 F. 
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Thermal conductivity 

Of the materials compared here, graphite’s room temperature thermal con- 
ductivity is exceeded only by that of copper, monel and aluminum. At elevated 
temperatures, the only common metal with higher thermal conductivity is 
molybdenum. None of the high temperature alloys, cermets or ceramics, 
approaches graphite in thermal conductivity. Note that the conductivity of 
graphite is greater parallel to direction of extrusion than perpendicular to 
extrusion direction. The reason is that the crystals are mechanically aligned 
with their basal planes parallel to the extrusion direction. 
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Commercial graphite is a poly- terial, usually calcined petro- 


Graphite and Its Uses 


crystalline, refractory material 
prepared by mixing a filler ma- 





These properties » 
are responsible for 
these uses 
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INDUSTRIAL 
Electrodes 
Anodes 
Molds 
Crucibles 
Structural Uses 


NUCLEAR®* 
Moderators 
Reflectors 
Fuel Element Jackets 


ROCKET, MISSILE 
Vanes 
Motor Linings 





x x xX . 
x x x X 








aOther good nuclear properties include good radiation stability at moderate tempera- 
tures, good moderating properties and low thermal-neutron-absorption cross section. 


leum coke, with a binder, usu- 
ally coal-tar pitch. The mixture 
is formed to desired shape by 
molding or extruding, and baked 
in an inert atmosphere. It is 
then heated to 3500-5500 F to 
promote crystal growth. 

Outstanding characteristics of 
graphite include its exceptional 
thermal properties, strength at 
high temperatures, refractori- 
ness, good electrical conductivity 
and excellent nuclear properties. 

The major limitation of graph- 
ite is its poor oxidation resist- 
ance. If current efforts directed 
at overcoming this difficulty are 
successful, many new high tem- 
perature uses will be opened to 
graphite. 

The accompanying table shows 
the properties of graphite which 
adapt it to specific uses in vari- 
ous industries. 











of the common engineering materials. This compilation is 
designed to give engineers a brief, easily visualized idea of 
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the meaning of each property in terms of the test by which 
it is determined. The major groups of properties covered: 


8 Thermal 
® Density 


® Electrical 
® Magnetic 


Acoustic Impedance, Specific Normal 


An index to the proportion of incident of sound 
energy reflected by a material. Acoustic Impedance 
of a material (z) and its components are generally 
expressed as the ratio to the acoustic impedance of 
air (pc). Acoustic Impedance, z/pc, can be calculated 
from its relation to Normal Incidence sOUND Absorp- 
tion Coefficient, which is: 


1 [AS 
an — —_ z/pe+1 


To find the two components of Acoustic Impedance— 
Acoustic Resistance and Acoustic Reactance—direct 
measurement is necessary. Sinusoidal plane sound 
waves are impinged on the specimen at the end of 
a long rigid tube, as in determining Sound Absorption 
Coefficient (C384-56T). A probe is used to determine 
the distance from the specimen to the first point of 
minimum amplitude on the standing wave (D.,), 
and the distance between two successive minimum 
points (D.—half the wavelength of the frequency 
used). Specific Normal Acoustic Impedance is cal- 
culated by a formula of the following form: 
z/pc = coth (A + jB), 

where A is a function of L (coth™ [logw* (L/20)]), 
B is a function of D,/D. (7[% — D,/D:]), and j is 
V—1. Computational charts are available for deter- 
mining Acoustic Resistance (r/pc) from values of L 
and Acoustic Reactance (x/pc) from values of D,/D;. 
Test frequencies are generally chosen from the series: 
125, 250, 500, ete. 


Acoustic Reactance, Resistance 


Components of the ACoUSTIC Impedance of a material. 


Arc Resistance 


A measure of the resistance of the surface of an 
electrically insulating material to breakdown under 
electrical stress. The time in seconds during which 
an arc of increasing severity is applied intermittently 
to the surface until failure occurs. Not to be con- 
fused with DIELECTRIC Strength (the resistance of the 
material to electrical breakdown across its thick- 
ness). Failure may be one of four general types: 
1) material becomes incandescent and hence capable 
of conducting current, regaining its insulating quali- 
ties upon cooling; 2) material bursts into flame, 


® Optical 
® Acoustic 


though no visible conducting path forms; 3) a thin 
wiry line (“tracking”) forms between electrodes; 
or 4) surface carbonizes until there is sufficient 
carbon to carry current. 

A more complete description of Are Resistance 
can sometimes be obtained by tests after failure and 
return to normal temperature, specifically: 1) meas- 
uring the remaining Insulation RESISTANCE of the 
damaged area, or 2) repeating the Arc Resistance 
test and determining the Surface BREAKDOWN Ratio. 
This test is intended to simulate approximately the 
conditions existing in an a.c. circuit operating at high 
voltage but very small currents. Relative rankings 
of materials obtained are not necessarily the same 
for other types of arcs. Caution is necessary in mak- 
ing close comparisons except between very similar 
materials. A meaningful value of Arc Resistance 
cannot be obtained for all materials because of dif- 
ficulties in observing a definite point of failure and 
because some materials melt, foul electrodes, flame 
or crack under the heat and stress. 

The test (D495-58T) consists of resting two 
electrodes on the surface about %4 in. apart and 
by means of a special circuit applying repeated 
arcing between the electrodes. Severity of arcing is 
increased at first by making the intermittent flashes 
more frequent, later by increasing current. Most of 
the older data available are based on a tungsten rod 
electrode, though a stainless steel strip electrode is 
now also standard; results obtained from the two 
are not necessarily comparable. The electrode tips 
rest on a %-in. flat specimen, both at an angle of 
35 deg from it, thus including a 110-deg angle. Pres- 
sure on specimen is controlled, total force of each 
tip being 50 gm. Open circuit voltage is 12,500 v. 
Are frequency is increased during first 3 min, after 
which current is increased each minute by 10-ma 
increments to a level of 40 ma. 


Breakdown Ratio, Surface 


The ratio of Arc Resistance after tracking to Arc 
Resistance before tracking. Also called Surface 
Breakdown Voltage Ratio. It can be determined by 
allowing the specimen to cool after an Arc Resistance 
test, then repeating the test. Raising voltage in 100-v 
steps each sec is recommended in D495-58T. Surface 
Breakdown Ratio may determine whether an insulat- 





ing material has to be replaced after the cause of an 
accidental arcing in service has been corrected. 


Breakdown Voltage 
The voltage at which a material fails in the DIELECTRIC 
Strength test. 


Brightness 

The relative amount of light reflected by a material. 
Brightness is measured by the reflectance of a 
material. See Luminous REFLECTANCE, Luminous Di- 
rectional REFLECTANCE, Spectral REFLECTANCE, and 
Spectral Directional REFLECTANCE. For paper, Bright- 
ness is the 45-deg, 0-deg Luminous Directional RE- 
FLECTANCE (Reflectivity) when exposed to blue light 
—a measure of the freedom from yellowness of white 
and near-white paper. The value is reported sepa- 
rately for the wire and felt sides. 


Capacitance 
A material’s capacity for storing electrical energy. 
Capacitance is often used in calculating DIELECTRIC 
Constant of a material. Since Dielectric Constant, 
by definition, is a ratio involving parallel capacitance, 
it is important that Capacitance in parallel, not in 
series, be used. Depending on the circuit used to de- 
termine Capacitance, conversion may be necessary. 
Two basic types of tests (D150-54T) are used. 
A common type uses tuned or balanced circuits to 
compare the specimen with a known standard capaci- 
tor—generally a variable air condenser. The circuit is 
balanced first with the specimen connected in, then 
with the specimen disconnected. For the second bal- 
ance it is necessary to increase the capacitance of 
the standard by an amount equal to the capacitance 
of the specimen. Variations of this method are used, 
including both resistive and inductive ratio-arm ca- 
pacitance bridges, parallel-T networks, resonant cir- 
cuits, and partially balanced networks with deflec- 
tion measurement. Circuits requiring voltmeter, am- 
meter and wattmeter measurements are also used. 
In the other basic test, the specimen is inserted 
in a variable air condenser itself—in this case a 
calibrated micrometer-electrode system. The specimen 
is placed between the micrometer electrodes and the 
circuit balanced or tuned, then removed and the 
system made to have the same capacitance by moving 
the micrometer electrodes closer together. Capacitance 
of the specimen is equal to the change in capacitance 
needed to rebalance the system, plus the air capaci- 
tance of the electrode system alone at a gap equal 
to the thickness of the specimen. 


Capacity, Specific 


An alternate term for DIELECTRIC constant. 


Chromaticity Coordinates 
Two of the three parameters commonly used in 
specifying COLOR and describing coLor Difference. 


Chromaticity Diagram 
A plot of CHROMATICITY Coordinates useful in com- 
paring the CoLorR of materials. 


Coercive Force 
The magnetizing force (H.) required to bring the 
induction of a material to zero, when the material 
is in a symmetrically, cyclically magnetized condition 
(see Normal INDUCTION). A low value is desirable 
for electromagnetic devices. 


Coercive Force, Intrinsic 
The magnetizing force (H.:) required to bring the 
Intrinsic INDUCTION of a magnetic material to zero, 
when the material is in a symmetrically, cyclically 
magnetized condition. 








How to Use This Glossary 


Terms are in alphabetical order, as 
determined by the most significant word. 
Important terms within an entry are capi- 
talized; most such terms are listed sepa- 
rately elsewhere in the glossary. Where 
cross reference to such a term would be 
helpful, its key word has been set in small 
capital letters, e.g., Magnetic HYSTERESIS 
Loop. 

References to ASTM, Federal and 
TAPPI standards and specifications have 
been included in that order of preference. 
Because of the great number of refer- 
ences, the “ASTM” has been dropped 
from test designations; thus D150-54T 
means ASTM D150-54T. The references 
indicated should be consulted for details 
on conditioning procedure, the number of 
specimens used as the base, sampling pro- 
cedure, reliability and reproducibility, 
statistical interpretation, and other pro- 
cedural details, 


Coercive Force, Relaxation 


The reversed magnetizing force (H.-) of such value 
that when it is reduced to zero, induction becomes 
zero (see Normal INDUCTION). 


Coercivity 


The maximum COERCIVE Force for a material (Hes). 


Color 


The aspect of the appearance of a material which 
depends upon the spectral composition of the light 
reaching the retina of the eye and upon its tem- 
poral and spatial distribution. It has three attributes: 
HUE, LIGHTNESS and SATURATION. 

Color of solid materials is generally measured in 
a spectrophotometer and determined from the Spec- 
tral TRANSMITTANCE of a light-transmitting material, 
the Spectral Directional REFLECTANCE of a light- 
reflecting material, or both properties for a trans- 
lucent material—in each case given as a curve vs 
wavelength over the entire visible spectrum (D307- 
44, D791-54). The light source is a standard illumi- 
nant representing incandescent lamplight (A), sun- 
light (B) or average daylight (C), as desired. A 
standard method of designating Color by means of 
three parameters is widely used. The first parameter 
is the Luminous TRANSMITTANCE for light-transmit- 
ting materials, or the Luminous Directional REFLEC- 
TANCE (Reflectivity) for light-reflecting materials. The 
other two parameters are known as Chromaticity 
Coordinates. 

For a reflecting (and not a self-luminous) ma- 
terial, the spectral composition of the reflected light 
is found by multiplying for each wavelength the 
spectral “irradiant” of the illuminant at that wave- 
length (Hj, the relative intensity of that wavelength 
emitted by the illuminant, given in a table) by the 
Spectral Directional Reflectivity (R)) relative to mag- 
nesium oxide at that wavelength. This light, in turn, 
is evaluated on three scales (X, Y, Z) for each part 
of the spectrum by multiplying the RAL) product by 
the scale value for unit irradiance, as established in 
a table (the ICI Standard Observer) representing 
the normal human eye. Scale values X, Y and Z are 
found by integration across the entire spectrum. 
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The three defining parameters are then calculated 
from simple ratios of the three scale values. Thus, 
Luminous Directional Reflectivity (Reflectance) is 
the ratio between the Y parameters for the specimen 
and the standard. The x chromaticity coordinate is 
the ratio between the X scale value and the sum 
of the three scale values, and the y chromaticity co- 
ordinate is the ratio between the Y scale value and 
the sum of the three scale values. Sometimes the x 
and y Chromaticity Coordinates are plotted against 
each other (Chromaticity Diagram or Mixture Dia- 
gram) to help determine the relation of the color 
of a material to other known colors. 

The same procedure is used for determining the 
three parameters for a light-transmitting material, 
except that Spectral Transmittance is used instead 
of Spectral Directional Reflectivity to determine the 
spectral composition of the transmitted light, and the 
ratio of the Y scale values is the Luminous Trans- 
mittance. 


Color, Mass 


The COLOR, when viewed by reflected light, of a 
pigmented coating of such thickness that it com- 
pletely obscures the background. Sometimes called 
Over-Tone or Mass-Tone. 


Color Difference 


The difference in COLOR between two materials. Both 
quantitative and qualitative tests are used. 

Quantitatively, Color Difference of opaque ma- 
terials is commonly expressed as the vector sum of 
the measured differences in three components between 
the specimen and the reference material, The basic 
method (D1482-57T) consists of determining the CIE 
tristimulus scale values, X, Y and Z, for the reference 
and the specimen relative to magnesium oxide (see 
COLOR). These values are converted to Munsell color 
value functions Vx, Vy and V, by an expansion equa- 
tion, and the three vector components calculated by 
equations derived from the Adams-Nickerson equa- 
tion, as follows: L = 9.2 Vy; a = 40 (Vx —Vy); 
and b = 16 (V, — Yy). The components are expressed 
in Judds. The components for the reference are sub- 
tracted from those for the specimen, and the resultant 
components of Color Difference have both magnitude 
and direction. Thus, the L component, Lightness, is 
plus if the specimen is lighter, minus if it is darker; 
the a component is plus if the specimen is redder, 
minus if it is greener; and the b component is plus 
if the specimen is yellower, minus if it is bluer. Mag- 
nitude of the Average Color Difference is the square 
root of the sum of the squares of the three component 
differences. 

With the “Color Eye” instrument (D1495-57T), 
the CIE tristimulus scale values are found by multi- 
plying the tristimulus values of the instrument stand- 
ard by the respective tristimulus values observed 
when the reflected light is “viewed” through three 
filters (X, Y, Z). The Hunter or Gardner Color Dif- 
ference Meter (D1365-55T) gives direct scale readings 
of a, b and 45-deg, 0-deg Luminous Directional rE- 
FLECTANCE (Ra). The ZL component can be readily 
calculated; it is equal to 10VRz«. This instrument 
also has an “alternate” scale which does not give the 
same results. The Hunter Multipurpose Reflectometer 
(D1260-55T) gives scale readings which must be 
converted by equations into the a, b and L components. 

In judging Color Difference qualitatively, the 
method of Fed 141-4250 for dried, pigmented organic 
coatings is typical. The specimen and the reference 
are placed beside each other under 45-deg illumination 
substantially equal to that of a fairly light overcast 
northern sky. With adjacent colors excluded from 
view, the specimen and reference are compared by 
viewing normal to the surface. Where Specular GLOss 
differs, the two films are first wet with water or 
heavy, water-white mineral oil. 


Conductivity, Electrical 


The ability of a material to conduct an electric 
current. The reciprocal of RESISTIVITY. Electrical 
Conductivity is often expressed in Y% based on a value 
of 100 for the International Annealed Copper Stand- 
ard (IACS) which has a Resistivity of 10.371 ohm-cir 
mil/ft or 1.7241 microhm-cm at 68 F. 


Conductivity, Thermal 


The rate at which heat is transmitted through a 
material by conduction. See also thermal TRANSMIT- 
TANCE. The coefficient of heat transfer by conduction. 

For materials that are not good conductors (i.e., 
where conductivity is not more than 30 Btu/sq ft/hr/ 
°F/in.), Thermal Conductivity is commonly deter- 
mined by measuring the heat expended in establishing 
a temperature gradient across two opposite faces of a 
specimen. For refractories (C201-47), a 9-in. dried, 
straight brick is placed in a heating chamber and 
guarded on all sides by refractory bricks to prevent 
side flow of heat. A thermocouple is embedded in each 
of two opposite faces of the specimen. In contact with 
the lower side of the specimen is a water calorimeter. 
The thermocouples and the water temperature are 
read several times at about 30-min intervals and 
averaged. Heat loss in Btu per hr is equal to the 
weight of calorimeter water in lb multiplied by its 
temperature rise in °F and divided by time in hr. 
Thermal Conductivity in Btu/hr/sq ft/°F/in. is equal 
to qL/A (t:—t:), where q is heat loss in Btu per hr, 
L is the thickness in in. of the brick between the hot 
thermocouple junctions, t, and t, are the two tempera- 
tures measured in °F, and A is the area of the calo- 
rimeter in sq ft. This method is used for insulating fire 
brick (C182-47) and fire clay refractories (C202-47). 

A general method for insulating materials (C177- 
45) utilizes a guarded hot plate and is similar in most 
respects to the test for Thermal TRANSMITTANCE ex- 
cept that cool surface, not air, temperature is mea- 
sured. A like approach is used for pipe insulation 
(C335-54T), the pipe being guarded to prevent end 
heat losses. 

In a test used for whiteware ceramics at moderate 
temperatures (100-300 F), thermal conductivity is 
determined by comparing the rate of heat transfer in 
the ceramic with that in copper, for which Thermal 
Conductivity is known (C408-57T). The specimen, an 
accurately ground cylinder, is soldered to upper and 
lower copper “thermodes,” thermocouples being located 
at both junctions and also about 2 in. away from these 
junctions in the copper. The entire system is sub- 
jected to a vacuum, constant heat applied to the upper 
thermode to establish a temperature gradient, and the 
thermocouples read after equilibrium is reached. Since 
the ratio of the thermal conductivities of copper and 
the specimen is proportional to the ratio of their re- 
spective temperature gradients and cross-sectional 
areas, and inversely proportional to the ratio of their 
respective gage lengths, Thermal Conductivity of the 
ceramic in Btu/hr/sq ft/°F/in. is equal to the ratio 
(kenAvuteuXs) (AstsXeu), where keu is Thermal Conduc- 
tivity of copper at the mean temperature of the upper 
thermode, A.u and A, are the cross-sectional areas of 
the copper and ceramic in sq ft, teu and t, are the 
temperature differences in °F in the upper thermode 
and across the specimen, and X.. and X, are the 
lengths in in. across which the temperature differ- 
ences are measured. 


Conductivity Coefficient 


See Thermal TRANSMITTANCE. 


Contrast Ratio 


A measure of Hiding Power or Opacity. The ratio 
of the reflectance of a material having a black back- 
ing to its reflectance with a white backing. 

For coatings, a simple test (Fed 141-4122) con- 
sists of applying a coating of the desired dry film 
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thickness over both black and white carrara glass 
panels by means of a selected doctor blade, then de- 
termining the 45-deg, 0-deg Luminous Directional 
REFLECTANCE of each. Contrast Ratio of paper (TAPPI 
T425m-45) is determined in a similar way, but by 
viewing at an angle not more than 20 deg from the 
normal. 

To determine the relationship between Contrast 
Ratio and coating thickness another test is used (Fed 
141-4121). A known weight of coating material is 
brushed over the entire surface of a special chart 
having black and white portions and protected with a 
clear coating. Several such films are prepared, using 
different weights of coating material, and the Con- 
trast Ratio for each determined as above. From the 
Specific GRAVITY of the coating material and the known 
weights, the applied thickness is calculated in ml per 
sq ft and plotted vs Contrast Ratio. 

For porcelain enamels Contrast Ratio Cw, i.e., 
the ratio of the reflectance of a coating over a black 
backing to its reflectance over a backing having a 
reflectance of 0.80, is commonly determined along with 
Coefficient of SCATTER (C347-57). The backing of 0.80 
reflectance more closely approximates the metallic base 
used for porcelain enamels. 


Core Loss, Specific 


The power expended in a magnetic material sub- 
jected to a varying magnetizing force at a specified 
frequency. Its two components are EDDY Current Loss 
and HYSTERESIS Loss. 

For currents up to 2000 cycles and inductions of 
5 and 10 kilogausses, the specimen consists of Epstein 
strips assembled to form a square-sided core with 
double-lap joints (see Norma! INDUCTION). For 60 
cps and inductions of 10 and 15 kilogausses, the speci- 
men (A343-54) consists of 22 lb of material built into 
a square frame with butt joints. Each solenoid has 
two windings—an a.c. primary and the induction 
secondary. An average voltmeter, a rms voltmeter 
and the voltage circuit of a wattmeter are connected 
across the secondary; the current circuit of the watt- 
meter is connected in the primary. A coupling trans- 
former is used to vary frequency of the primary cir- 
cuit. Primary current is adjusted to give the average 
or flux voltage predetermined to be necessary for the 
test induction, and the wattmeter and rms voltmeter 
are read. The wattmeter indicates the power con- 
sumed in both the specimen and the secondary circuit. 
Core Loss is calculated by subtracting the loss in the 
secondary circuit, which is equal to the square of the 
indicated rms voltage divided by the parallel resist- 
ance in ohms of the instruments in the secondary 
circuit. Specific Core Loss in w per lb or kg is equal 
to Core Loss divided by the weight of the core in lb or 
kg. A log-log plot of Specific Core Loss vs frequency 
for a given induction usually yields a straight line 
that can be extrapolated for practical purposes. 

Specific Core Loss can be calculated the same 
way in the basic A.C. PERMEABILITY test. It can also 
be determined by the test used for Specific Incremen- 
tal CORE Loss, simply by not energizing the d.c. wind- 
ing, and by the test used for Effective A.C. PERMEA- 
BILITY (A346-58). In the latter case, Core Loss in w 
is equal to the square of the equivalent induced volt- 
age (i.e., the measured secondary voltage referred to 
the primary winding) divided by the effective parallel 
resistance of the specimen in ohms, as indicated by 
the adjustable resistor. See also Incremental A.C. 
PERMEABILITY. 


Core Loss, Specific Apparent 


Apparent Core Loss is the product of the rms in- 
duced voltage and the rms exciting current (Rms 
EXCITATION) for a ferromagnetic core, where the in- 
duced voltage is approximately sinusoidal. Specific 
Apparent Core Loss in apparent w per lb or kg is 
Apparent Core Loss divided by the weight of the core. 


Core Loss, Specific Incremental 

The corRE Loss in a magnetic material when sub- 
jected simultaneously to a unidirectional (“biasing”) 
and an alternating magnetizing force. Incremental 
Core Loss is determined by the two methods used for 
Incremental A.C. PERMEABILITY (A343-54). In the 
circuit bridge method, Incremental Core Loss is caleu- 
lated from an equation in which it is proportional to 
the value of the variable condenser needed to balance 
the bridge. In the potentiometer method, Incremental 
Core Loss is equal to the product of the indicated 
in-phase current and equivalent induced voltage (i.e., 
the measured secondary voltage referred to the pri- 
mary winding). Specific Incremental Core Loss is 
equal to Incremental Core Loss divided by the weight 
of the core. Specific core Loss can also be determined 
by these methods simply by not energizing the d.c. 
winding. 


Core Loss, Standard 
The Specific corE Loss at an induction of 10 kilo- 
gausses and a frequency of 60 cps, designated P/10/60. 


Covering Power 
An alternate term for Opacity or Hiding Power 
of paints. See CONTRAST Ratio. 


Curie Point 
The temperature at which a metal or alloy ceases 
to be ferromagnetic when heated, 


Demagnetizing Coefficient 
The ratio (D,) of 1) the extent to which an ap- 
plied magnetizing force, as measured in a vacuum, ex- 
ceeds the magnetizing force in a material, to 2) the 
extent to which the induction in a material exceeds the 
induction in a vacuum for the same magnetizing force 
(i.e., Intrinsic INDUCTION). 


Demagnetizing Curve 
The part of the Normal INDUCTION curve or HYS- 
TERESIS Loop that lies between the Residual Induc- 
tion point, B,, and the Coercive Force point, He. 


Density 

The weight of a material per unit volume. Density 
in lb per cu ft or gm per cu cm is equal to Absolute 
Specific GRAVITY of the material at the desired tem- 
perature multiplied by the weight of 1 cu ft of water 
in lb, or the weight of 1 cu cm of water in gm at the 
same temperature. It is also equal to Specific GRAVITY 
multiplied by the difference in weight between a unit 
volume of air and a unit volume of water at the same 
temperature. The reciprocal of Specific Volume. Den- 
sity may be calculated from Specific Gravity measure- 
ments, or in some cases measured directly by a liquid 
displacement method. For some materials it is more 
common to use Apparent DENSITY which is based solely 
on the ratio of weight to overall volume, including any 
entrapped air or gases. Thus, Density of a material 
is always greater than its Apparent Density. Density 
determined at one temperature can be converted to 
other temperatures provided that the Cubical Coeffi- 
cient of THERMAL Expansion is known so that volume 
can be corrected. 

Three types of direct tests for Density are com- 
monly used: volumetric, dimensional measurement, 
and grading. 

In the volumetric method, used for liquids, the 
volume of a pycnometer is calibrated against tem- 
perature using the known density of distilled water at 
various temperatures. The weighed bottle is filled 
with the liquid to a calibrated volume and the weight 
of the liquid determined. Density is equal to the 
weight of the liquid divided by its volume. This 
method is used for natural rubber latex (D1076-57T) 
and for paints (D1475-57T). Density of paints is usu- 
ally converted to lb per gal. A modification of the 
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volumetric method—actually similar to the liquid dis- 
placement method used in determining Specific Gravity 
—is also used for latex. A weighed flask of calibrated 
volume is weighed when full of water, when half full 
of latex, and finally when the remainder of the cali- 
brated volume is filled with water. The volume of 
water added is calculated from its weight and known 
Density. The calibrated volume of the flask minus the 
volume of water added is the volume of the latex. 
Density is calculated by dividing the weight of latex 
by its volume. 

In the dimensional measurement method, the 
specimen is weighed in air and volume is calculated 
from measured dimensions. Density is equal to meas- 
ured weight divided by calculated volume. This 
method is widely used for such materials as flexible 
foams (D1564-58T, D1565-58T), preformed block-type 
(C303-56) and pipe-covering-type (C302-56) thermal 
insulations, thin vulcanized fibre sheets (D619-54T), 
and core materials for structural sandwich construc- 
tions (C271-53). Density determined by this method 
is often termed Apparent Density because it does not 
take account of the surface nonuniformities of the 
material. 

In the grading method, used for plastics (D1505- 
57T), the level to which the specimen sinks in a 
liquid column having a density gradient is compared 
with the level of a standard float of known density. 
A graduated tube containing solutions of four differ- 
ent densities is used. Density can be determined by 
interpolation or may be read directly from a prede- 
termined graph of float position vs Density. 

For hydrocarbon waxes, see Cubical Coefficient of 
THERMAL Expansion. 


Density, Apparent 

The apparent weight per unit volume of a more or 
less permeable material, based solely on overall weight- 
volume measurements. The specimen is weighed, usu- 
ally in air, and volume is measured in a graduated 


container or calculated from dimensional measure- 
ments. Apparent Density in lb per cu ft or gm per cu 
cm is equal to the ratio of weight to volume. Appar- 
ent Density is the effective DENSITY of a material in a 
particular form. It is invariably less than the maxi- 
mum theoretical Density of a material because the 
volume measured consists at least partly of air or 
another gas. It is analogous to Bulk Specific GRAVITY. 
Apparent Density is a useful test where only the ef- 
fective Density is important or where the material is 
not suitable for liquid displacement methods of meas- 
uring Specific GRAVITY. Density determined by the 
dimensional measurement method is often called Ap- 
parent Density (e.g., electrical insulating paper, 
D202-55T) because it does not take account of the non- 
uniformities of the material. 

Apparent Density is most commonly measured for 
molding powders; it is a measure of their fluffiness or 
bulk, and useful in calculating bulk factor for de- 
termining proper charges to the mold. Figures for 
Apparent Density are not comparable for the purpose 
of determining mold charge except for compounds hav- 
ing the same Specific GRAvITY after molding. Free- 
flowing metal powders (D212-48) are poured through 
a standard Hall flowmeter funnel into a 25-cm cyl- 
indrical cup. The cup is leveled and weighed, Apparent 
Density in gm per cu cm being the weight of the 
powder multiplied by 0.04. Granular thermoplastic 
molding powders (D1182-54) are poured freely into a 
400-cu cm cylindrical cup. Molding powders used for 
molded electrical insulators (D392-38) are funneled 
freely into a 120-cu cm cup. Nonpouring molding 
powders (D954-50) are tested by dropping 60 gm 
loosely into a 3%-in. dia graduated cylinder from a 
specified height, allowing a 5-lb plunger to settle on 
the powder for 1 min, and calculating the resulting 
volume from the height. TFE resins require a different 
technique (D1457-56T) from other plastics because 
their particle shape is such that they pack very read- 


ily. The powder is screened into fractions, recom- 
bined, gently tumbled, fed into a 250-ml calibrated 
volumetric cup, and weighed. Apparent Density in gm 
per | is the weight of resin times 4. Refractory metal 
and compound powders (B329-58T) are tested by pour- 
ing the powder from a funnel into a 1-cu in. square, 
weighed cup through a box containing a series of baffle 
plates, leveling off the cup, and reweighing it to de- 
termine the weight of powder. 


Density, Bulk 

An alternate term for Apparent DENSITY. The 
term is used for refractory brick (D134-41, C20-46) 
and fired whiteware ceramics (C373-56) ; the property 
is determined by simple weight and dimensional meas- 
urements. The term is also used for granular refrac- 
tories. Bulk Density of such materials (C357-55T) is 
determined by weighing about 25 cu cm of granules of 
specified screen size, soaking them in boiling water to 
saturate them, blotting off surface water, and pouring 
them into a known volume of water in a graduated 
cylinder. Dry weight is divided by the apparent in- 
crease in the volume of water. 


Density, Green or Pressed 
The DENSITY of an unsintered metal compact. 


Density, Tap 
The Apparent DENSITY of a powder obtained by 
measuring volume in a receptacle that is tapped or 
vibrated during loading in a specified manner. 


Density, True 
An alternate term for DENSITY, as opposed to Ap- 
parent DENSITY. 


Dielectric Constant 

A measure of the relative CAPACITANCE—i.e., the 
capacity for storing electrical energy—of a material. 
The ratio of 1) the parallel Capacitance of a given 
electrode configuration with the material as the dielec- 
tric, to 2) the Capacitance of the same electrode con- 
figuration with a vacuum as the dielectric. Also called 
Relative Permittivity and Specific Capacity. Low val- 
ues of Dielectric Constant are desirable when a ma- 
terial is used as an insulator, high values when used 
in a capacitor. Dielectric Constant is useful in calcu- 
lating the Loss Factor. 

Dielectric Constant is generally determined by 
measuring the parallel Capacitance of a material of 
known thickness and dividing by the known Capaci- 
tance of the same electrode system alone in a vacuum 
at a gap equal to the specimen thickness. To insure 
accurate measurement, a thin metallic film is applied 
to both sides of the specimen, eliminating minute air 
gaps between the surfaces of the electrodes and the 
material. The film may be conductive paint, fired-on 
silver, or sprayed or evaporated metal. As an alterna- 
tive, mercury electrodes may be used. For accurate re- 
sults at low frequencies, a guard electrode is generally 
used as in determining Insulation RESISTANCE. 

Specimens are usually flat disks or rectangles. A 
4-in. dia compression molded disk % in. thick is used 
for phenolic molding compounds (D700-57T). Rec- 
tangles ranging from 2 by 2 to 4 by 8 in., depending 
on thickness, are used for thermosetting laminates 
(D709-55T). Solid filling and treating compounds 
(D176-56T) may be tested in a cell at low frequencies, 
but are usually cast or pressed into disks or rectangles 
when tested for service at high frequencies and the 
lower part of their temperature range. Laminated 
sheet and plate insulation (D229-58) is generally 
tested both parallel and perpendicular to the lamina- 
tions. In testing parallel to laminations (D669-42T), 
strips are stacked to form a pile 5% in. high which is 
then compressed in a frame. A common test frequency 
is 60 cps. Voltage is a maximum of 25 v per mil for 
varnished glass fabric (D902-56), 30 v per mil for 
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filling and treating compounds (D176-56T), and trans- 
former and similar oils (D924-58), 50 v per mil for 
silicone rubber-coated glass fabric (D1458-57T), and 
100 v per mil for cable oils (D924-58). The same 
methods can be used to test liquids in cells. 

Dielectric Constant of polyethylene (D1531-58T) 
can be determined by a liquid displacement method, 
particularly suitable for values from 2.0 to 3.0 at 
room temperature and at frequencies from 1000 cps 
to 1 me. The change in capacitance is measured when 
molded polyethylene specimens about 3 by 4 in. and 
0.050 in, thick are inserted between two plates in a 
cell containing benzene. The change in capacitance 1s 
multiplied by the ratio of plate separation to specimen 
thickness, corrected by a constant factor for the cell, 
and added to the known Dielectric Constant for ben- 
zene to give the desired value of polyethylene. This 
method is nondestructive, fast and gives highly repro- 
ducible results. It is used for quality control and as an 
index of deterioration in various simulated service 
tests. The same method can be used to determine 
DISSIPATION Factor. 

Dielectric Constant generally increases with tem- 
perature, humidity, exposure to weather, and deterio- 
ration. For most materials, Dielectric Constant varies 
considerably with frequency and to a lesser extent 
with voltage as a result of polarizations. 


Dielectric Proof Voltage Test 


An acceptance test, nondestructive to acceptable 
material (D1389-56T). The insulating material—usu- 
ally plate, sheet or film—passes between two electrodes 
at a uniform rate. Proof voltage across the electrodes 
is generally selected as a percentage of the DIELECTRIC 
Strength (Short-Time) of the material or as a mul- 
tiple of the dielectric breakdown of an air gap of 
equivalent thickness. Usually it is below the corona 
resistance level. Breakdown may be observed visually 


or indicated by tripping of a circuit breaker. Elec- 
trode diameters are 2 and 6 in., and material speed 
is either 7.5 or 25 fpm. Results are reported in terms 
of how often breakdown occurs. 


Dielectric Strength 


A measure of the ability of an insulating material 
to resist breakdown when subjected to electrical stress. 
The ratio of 1) the rms voltage gradient between two 
electrodes applied to opposite sides of the material, to 
2) the thickness of the material. The Breakdown 
Voltage per unit thickness of material, ordinarily in 
v per mil. Breakdown occurs when a hole is punc- 
tured in the specimen (D149-55T). Since resistance to 
electrical stress decreases with exposure time, and 
varies with many other factors, the relatively short- 
time tests used to determine Dielectric Strength do 
not indicate the stress that material can withstand in 
service over a long period of time. The property is 
useful in comparing materials, in controlling process- 
ing of materials, and as a measure of contamination 
or deterioration. Four basic tests are used: Short- 
Time, Step-by-Step, Slow Rate of Rise (generally an 
alternate to Step-by-Step), and Long-Time. 

In the Short-Time Test, voltage is increased from 
zero to breakdown at a uniform rate. For solid ma- 
terials, the rate is usually 0.5 kv per sec. In a special 
Short-Time Test for rubber insulating tape (D119- 
57T) a 60 eps a.c. voltage of less than 1000 v is 
applied and voltage raised at the rate of 1000 v per 
sec. For insulating paper (D202-55T) the rate is 
chosen to give breakdown times of 10, 20 or 40 sec, 
depending on total breakdown voltage. The rate for 
insulating varnishes (D115-55) is chosen to give a 
breakdown time of 10 to 15 sec. A rate of 25 v per 
sec is used for anodically coated aluminum (D110-45), 
0.1 kv per sec for solid filling and treating compounds 
used for electrical insulation (D176-56T), up to 0.5 
kv per sec for cellulose acetate sheet (D1202-52T), 1 


kv per sec for glass-bonded mica (D1039-58) and elec- 
trical porcelain (D116-44), and 3 kv per sec for insu 
lating oils of petroleum origin (D877-49). 

In the Step-by-Step Test, the initial voltage is 
equal to half of the Breakdown Voltage as determined 
by the Short-Time Test; voltage is then increased in 
equal increments and held for equal periods of time— 
usually 1 min—at each increment of voltage, until fail- 
ure occurs. For thermosetting laminates (D709-55T) 
and other sheet and plate insulation (D229-58), volt- 
age increments range from 1 to 10 kv, depending on 
initial voltage. For varnished glass (D902-56) and 
cotton (D295-58) fabrics, and for silicone rubber- 
coated glass fabric (D1458-57T), the rate is 12.5 v per 
sec (25 v per sec if thicker than 8 mils). 

In the Slow Rate of Rise test, initial voltage is 
equal to half of the Breakdown Voltage as determined 
by the Short Time Test; voltage is then increased at 
a uniform rate until failure occurs. Specified rates 
are such that the product of voltage and exposure 
time is about the same as in the step-by-step test. For 
varnished glass (D902-56) and cotton (D295-58) 
fabrics, and for silicone rubber-coated glass fabric 
(D1458-57T), the rate is 12.5 v per sec (25 v per sec 
if thicker than 8 mils). 

In the Long-Time Test, 1) voltage is held con- 
stant until failure occurs, or 2) voltage is applied for 
a long, but definite, period of time, then raised in in- 
crements and held at each successive voltage an equal 
period of time, until failure occurs. Exposure times 
up to 8 hr or more are used for cable insulation. In 
testing varnished cotton fabric (D295-58), material in 
the form of tape is wrapped on a brass tube and metal 
foil is used as the outer electrode. Initial voltage is 
10% of the Breakdown Voltage as determined by the 
Short-Time Test, and temperature is 212 F. Voltage 
increments are 20% of initial voltage, and steps are 
30 min each. 

Electrodes vary in size and shape, depending on 
the material. Thick solid materials are cut down to re- 
duce thickness. Solid materials may be tested in air 
or under oil, depending on where they are to be used. 
Liquids are tested in a cup. The specimen for phenolic 
molding compounds (D700-57T) is a disk % in. thick 
and 4 in. in dia. It is tested under oil between 1-in. dia 
cylindrical brass electrodes. Nonrigid vinyl tubing 
(D876-58T) may be tested whole or cut and flattened: 
small tubing is tested with a rod as the inner electrode 
and metal foil as the outer electrode; larger tubing is 
cut and flattened between two electrodes. Thermoset- 
ting laminates (D709-55T) and other sheet and plate 
(D229-58) may be tested either perpendicular or 
parallel to the flat sides. Results for laminates are 
reported as “parallel to laminations” or “perpendicu- 
lar to laminations.” Laminated rods (D349-56) are 
tested parallel to the axis. For parallel breakdown, a 
hole is drilled almost through the %4-in. width of the 
sheet specimen, leaving only 4,4 in. to be subject to 
the electrical stress. Insulating papers that are very 
thin or low in Dielectric Strength are stacked (D202- 
55T) to give more accurate values. Insulating var- 
nishes are tested by applying a coating about 2 mils 
thick on copper sheets, and drying or baking as speci- 
fied. In another method, used for silicone varnishes 
(D1346-57), a 7-mil film is applied and baked in two 
coats to a thin strip of glass fiber tape. In testing 
flexible treated sleeving (D350-57T), copper wire is 
used for the inner electrode and metal foil as the 
outer electrode. 

Dielectric Strength (Short-Time) of pressure sen- 
sitive insulating tapes (D1000-58T), when obtained 
for widely varying moisture conditions, is an indica- 
tion of the dielectric quality of the tape backing. In 
the case of anodized aluminum, the test can be used 
as an approximate measure of the thickness of the 
anodic coating, provided that the relationship between 
thickness and Dielectric Strength has been established 
for the particular type of anodic coating applied. 
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In general, Dielectric Strength increases as 1) 
rate of application of voltage increases, 2) diameter 
of electrodes increases, 3) thickness decreases, 4) tem- 
perature decreases, and 5) frequency decreases. Effect 
of frequency is small at low frequencies, but Dielectric 
Strength at radio frequencies may be as little as 10% 
of the value at 60 cps. Retention of Dielectric 
Strength—particularly under high humidity—is often 
more important than the original value. 


Diffuse Light Transmission Factor 

The ratio of transmitted to incident light for trans- 
lucent reinforced plastics building panels (D1494- 
57T). A flat or corrugated panel 24 by 24 in. is placed 
about 8 in. below a group of fluorescent tubes approxi- 
mating ICI Illuminant C (average daylight). An 
acrylic diffusing plate is placed just above the speci- 
men and a masking plate and photoelectric cell below 
the specimen. The galvanometer connected to the 
photoelectric cell is adjusted to read 100 with the 
specimen removed. With the specimen in position, 
Diffuse Light Transmission Factor is read directly 
from the galvanometer. This property is an arbitrary 
index of comparison and is not related directly to 
Luminous TRANSMITTANCE. 


Diffusion Value 


A measure of the reflective and transmissive dif- 
fusion characteristics of plastics (D636-54). An index 
of the scattering or diffusion of light by a material in 
comparison with a theoretically perfect light-scatter- 
ing material (rated as 1.0). It is not used to measure 
transmissive scattering in essentially clear, trans- 
parent materials (see HAZE). 

A flat specimen 0.050 in. thick—or a corrugated 
specimen with flat envelope—is mounted in a light- 
proof goniophotometer so that it is illuminated by 
a beam approximately normal to its face. A photo- 
sensitive receptor is rotated 180 deg around the speci- 
men from a position normal to its lighted face to a 
position normal to its rear face, the intensity of the 
light reflected or transmitted at each angle being 
indicated by a galvanometer. The light scource is an 
incandescent tungsten filament at a temperature of 
2800 to 3000 K. Angles of measurement are specified. 
Angles within 15 deg of the normal to either surface 
are used only if it is desired to include the specularly 
reflected or transmitted component of the light 
(Method A); if not they are omitted (Method B). 
The brightness readings are plotted as ordinates 
against angle of measurement, and a Brightness curve 
drawn. The areas under the reflectance curve and the 
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transmittance curve are determined separately. Then, 
in each case, a horizontal straight line is drawn at 
the maximum brightness reading and the area under 
this line, i.e., the area of the rectangle enclosing the 
Brightness curve, is determined. The Reflective Dif- 
fusion Value and Transmissive Diffusion Value, re- 
spectively, are the ratios of the areas under the 


refiectance and transmission curves to the areas of the 
corresponding maximum Brightness rectangles. The 
character of the surface of the material, i.e., polished, 
smooth, matte, grained, pebbled or configurated, 
should be reported; in some cases it is necessary to 
test the specimen in more than one direction to define 
its light diffusion properties accurately. 

Diffusion properties of several materials can be 
compared graphically by converting maximum Bright- 
ness readings for each to 100 and “correcting” all 
readings by that ratio. The area under the curve for 
each material remains proportional to its diffusing 
power. 


Dissipation Factor 


The ratio of conductance to susceptance, or par- 
allel reactance to parallel resistance, in a capacitor 
having the material as the dielectric. Also called Loss 
Tangent (tan 5; the tangent of the Loss Angle). Dis- 
sipation Factor is the cotangent of the PHASE Angle 
and the reciprocal of the Storage Factor (also called 
QUALITY Factor). Conventionally designated D, it is 
expressed in sec per cycle-ohm-farad. When materials 
have approximately the same DIELECTRIC Constant, 
Dissipation Factor indicates relative power loss, A 
low Dissipation Factor is generally desirable. 

Dissipation Factor can be determined by connect- 
ing the material as the dielectric in a capacitor and 
measuring parallel reactance and parallel] resistance 
by means of a balanced or tuned circuit. Dissipation 
Factor can also be determined by measuring parallel 
CAPACITANCE (C,) and parallel resistance (R,) and 
calculating 4%27fR,C,, where f is the frequency in cps. 
Specimens, voltages and frequencies are generally 
the same as those used in determining Dielectric Con- 
stant. 

Dissipation Factor of polyethylene over a range of 
0.0001 to 0.1 can be determined by a liquid displace- 
ment procedure (D1531-58T), also used in determining 
Dielectric Constant. The Dissipation Factor of the 
specimen in benzene is determined as above, and the 
Dissipation Factor of benzene subtracted. The result- 
ing difference is multiplied by the ratio of plate dis- 
tance to specimen thickness and added to the Dis- 
sipation Factor of benzene to give the desired value 
for polyethylene. 

Under d.c. conditions, Dissipation Factor of die- 
lectrics increases with humidity and exponentially with 
temperature. Dissipation Factor also increases with 
exposure to weather and deterioration. Voltage and 
frequency affect Dissipation Factor and are usually 
specified. 


Eddy Current Loss 


The part of core Loss that is due to current cir- 
culating in the magnetic material as a result of elec- 
tromotive forces induced by varying induction (P.). 


Excitation, Rms 


The rms alternating current required to produce 
a specified induction in a material. For inductions of 
less than 10 kilogausses, Rms Excitation (H.) is usu- 
ally expressed in oersteds; for high inductions, in 
amp-turns per in. A laminated core specimen is used 
(see Normal INDUCTION). The circuit of the coil pri- 
mary is adjusted so that induction is indicated directly 
by a flux voltmeter. This is done by connecting the 
flux voltmeter across the secondary of a mutual in- 
ductor in the primary circuit and calibrating by means 
of calculations based on the cross-sectional area of 
the specimen. With the magnetizing force adjusted to 
give the desired induction, exciting current is read 
from an electronic voltmeter or ammeter. With wind- 
ings and circuit as specified in A346-58, H, in oersteds 
is 10 times the voltage indication or 14 times the cur- 
rent indication; in amp-turns per in., 10 times the 
voltage indication or 20 times the current indication. 
Tests at 60 cps are usually made at 100, 6000, 10,000 
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or 15,000 gausses. Permeability calculated on the 
basis of Rms Excitation as magnetizing force is 
known as Apparent Impedance Permeability. Rms 
Excitation per lb can also be calculated. 


Flexivity 


An index to the change in flexure with tempera- 
ture of thermostat bimetals (D106-56). The change 
of the curvature of the longitudinal centerline of the 
specimen per unit temperature change per unit thick- 
ness. The metal strip is supported with a span of 
2% to 5 in. depending on thickness, heated, and de- 
flection measured by means of a transmission rod con- 
nected to a dial gage or by an optical sight method. 
Radius of curvature at any temperature is determined 
by a trigonometric equation relating specimen thick- 
ness, span distance and vertical deflection. Radii of 
curvature (R,, R:) are determined for two tempera- 
tures (T;, T:), and Flexivity is calculated equal to 
t(1/R. — 1/R,) (T. — T.), where t is thickness. 


Freezing Point 


The temperature at which a material solidifies on 
cooling from the molten state under equilibrium con- 
ditions. The MELTING Point as determined in cooling. 


Gloss, Apparent 


A measure of the shininess of a material. Quantita- 
tively, gloss is measured as Specular GLoss. A simple 
qualitative test for Apparent Gloss is standard for 
nitrocellulose clear lacquers and lacquer enamels 
(D333-40). The test material and a reference stand- 
ard are flowed onto an opaque surface side by side. 
After drying, the test panel is held up to a lamp at 
an angle of incidence approaching 90 deg, i.e., nearly 
parallel to the surface, and the comparative sharpness 
of definition of the image (i.e., the filament) noted. 


Gloss, Specular 


A measure of the shininess of the surface of a 
material. The ratio of 1) the light reflected by a 
material at an angle corresponding to the mirror 
image of the incident beam, to 2) the incident light. 
The luminous fractional reflectance of a material at 
the specular direction. 

A standard source of light and a specified aper- 
ture are used to throw a beam of light on a flat 
specimen, and a photosensitive receptor connected to 
a galvanometer is positioned at the mirror-image 
angle to measure reflection. The incident light is de- 
termined by measuring the normal reflectance of a 
standard (a highly polished, plane, black glass surface 
or a “working” standard calibrated against it). 

The most common angle for gloss measure- 
ments is 60 deg from the normal. For nonmetallic 
materials (D523-53T) having a 60-deg gloss higher 
than 70, 20-deg gloss is also determined. For non- 
metallic materials having a 60-deg gloss lower than 
30, 85-deg gloss (sometimes called Sheen) is also 
determined. A better correlation with visual estimates 
of Gloss can sometimes be obtained with a two-aper- 
ture 60-deg test originally developed for clear finishes 
on wood (D1471-57T). Readings are taken with the 
large aperture (G,), then with the small (Gg). 
Where two materials have about the same large-aper- 
ture value but not the same appearance, the difference 
in small-aperture values indicates the relative scatter- 
ing of the materials. The material with the lower 
small-aperture value has more narrow-angle scatter- 
ing, i.e., poorer image-forming characteristics. 

For paper (D1223-52T), 75-deg Gloss is widely 
used as a partial measure of surface quality and shiny 
appearance, 

For ceramics and porcelain enameled materials, 
45-deg Gloss is commonly measured (C346-55T), the 
ratio being multiplied by 1000. Sometimes the 45-deg 
Gloss is “corrected” to eliminate the “body reflected 
component,” thus making the result a better index to 
surface reflection. The body reflected component is 





measured by either 1) measuring the reflection at 45 
deg when the material is illuminated at 0 deg (nor- 
mal), or 2) determining the 45-deg, 0-deg Luminous 
Directional REFLECTANCE and multiplying it by 5.5. 
This value is subtracted from the measured Specular 
Gloss to give the surface reflected component. 


Gravity, Absolute Specific 


The ratio of the weight in a vacuum of a given 
volume of material to the weight in a vacuum of an 
equal volume of gas-free distilled water. The tempera- 
ture of the material and the water need not be the 
same, but must be stated (where two temperatures are 
given, the first is for the material, the second for the 
water). Sometimes called simply “specific gravity,” 
but not the same as Specific GRAVITY which is based 
on weight measurements in air. For practical pur- 
poses, Specific Gravity is more commonly used. 


Gravity, Apparent Specific 


The ratio of the weight in air of a given volume 
of the impermeable portion of a permeable material to 
the weight in air of an equal volume of gas-free 
distilled water. The temperature of the material and 
the water need not be the same, but must be stated 
(where two temperatures are given, the first is for 
the material, the second for the water). The volume 
includes impermeable pores or voids. The term is also 
used interchangeably with Specific GRAvITY, though 
they are not the same. Typical of its determination is 
the Apparent Porosity test used for fired whiteware 
ceramics (C373-56) and burned refractory brick (C20- 
46). In addition to dry weight, the weight of the 
saturated specimen suspended in water is determined. 
The loss in weight in gm is the weight of water hav- 
ing a volume equal to that of the impervious portion 
of the material. 


Gravity, Bulk Specific 


The ratio of the weight in air of a given volume 
of a permeable material to the weight in air of an 
equal volume of gas-free distilled water. The tem- 
perature of the material and the water need not be 
the same, but must be stated (where two temperatures 
are given, the first is for the material, the second for 
the water). The volume includes both permeable and 
impermeable voids normal to the material. Bulk Spe- 
cific Gravity is analogous to Apparent DENSITY and 
Bulk DENSITY. 


Gravity, Specific 


The ratio of the weight in air of a given volume 
of a material to the weight in air of an equal volume 
of gas-free distilled water. The temperature of the 
material and the water need not be the same, but 
must be stated (where two temperatures are given, 
the first is for the material, the second for water). 
Sometimes called “apparent specific gravity.” Not the 
same as Absolute Specific Gravity, which is based on 
weight measurements in a vacuum. See also Apparent 
Specific GRAVITY and Bulk Specific GRAvITy. Specific 
Gravity is sometimes used in determining impurity, 
gas or void content of a material. The extent to which 
measured Specific Gravity differs from the theoretical 
Specific Gravity of a material is an indication of the 
presence of impurities of higher or lower Specific 
Gravity. 

Two basic methods are used for solids: liquid dis- 
placement and change in weight. In the liquid dis- 
placement method, specimen weight a is determined. 
Then a pycnometer is weighed (b) when filled with 
water or other displacement liquid of known specific 
gravity d, and when filled with the displacement liquid 
and containing the specimen (c). The weight of the 
liquid displaced by the specimen is (a + b — c), and 
its volume, and the volume of the specimen, is 
(a + b — c)/d. Specific Gravity of the material is 
equal to specimen weight a divided by the calculated 
volume. This method is particularly useful for granu- 
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lar materials. It is used for plastics molding powder, 
flakes, and pellets (D792-50), solid filling and treating 
compounds for electrical insulation (D176-56T), gran- 
ular refractories (C135-47), and fired whiteware 
ceramics (C329-56). In testing carbon, benzene is 
used as the displacement liquid, and a vacuum is ap- 
plied to the pycnometer to remove adsorbed air from 
the carbon before liquid volume is adjusted. In testing 
fired whiteware ceramics (C329-56) and refractories 
(C135-47), the material is ground to a specified screen 
size and dried before weighing. 

In the change in weight method, the specimen is 
suspended from a wire, weighed in air, and then, still 
suspended, completely immersed in water and weighed. 
Weight in water is corrected to compensate for the 
loss in weight of the wire in water. Specific Gravity 
of the material is equal to the weight of the specimen 
in air divided by its corrected loss of weight in water. 
If a liquid other than water is used, its Specific Gravity 
must be known and used to correct the ratio deter- 
mined. This method is useful for most solid materials, 
including plastics sheet, rods, tubes, moldings and 
machined shapes (D792-50), and cemented carbides 
(D311-58). In testing sintered metal powder parts 
(D328-58T), an oil-free part is impregnated with oil 
before determining its change in weight in water. 
Specific Gravity of the oil-free part is equal to its 
weight in air divided by the change in weight of the 
oil-impregnated part (equivalent to the weight of an 
equal volume of water). For oil-impregnated parts, 
the method is the same except that weight in air is the 
weight of the oil-impregnated part. 

Three methods are commonly used for liquids: 
plummet displacement, volumetric and hydrometer. In 
the plummet displacement method an aluminum plum- 
met weighing 5-10 gm is calibrated by the change in 
weight method (above) to determine its weight of 
water displacement, using cubical Coefficient of THER- 
MAL Expansion of aluminum to correct the displace- 
ment to the desired test temperature. Then the weight 
of the plummet suspended in the liquid is determined. 
Specific Gravity of the liquid is equal to the change in 
weight of the plummet divided by its previously deter- 
mined displacement weight as corrected for tempera- 
ture. This method is used for testing filling and treat- 
ing compounds for electrical insulation in their liquid 
state (D176-56T). 

In the volumetric method, the weight of a known 
volume of the liquid is determined in a calibrated pyc- 
nometer. Specific Gravity of the liquid is equal to 
the measured weight divided by the weight of an 
equal volume of distilled water. This method is com- 
monly used for insulating varnishes (D115-55). 

In the hydrometer method, a floating glass hy- 
drometer, calibrated in terms of Specific Gravity, is 
inserted in the liquid slightly further than its rest 
position and allowed to come to rest. Specific Gravity 
is read directly. This method is commonly used for 
askarels (D901-56). Usual test temperature for aska- 
rels is 60 F for low viscosities, 194 F for high 
viscosities. 


A measure of the extent to which light is diffused in 
passing through a transparent material. The percent- 
age of transmitted light which in passing through 
the material deviates from the incident beam by for- 
ward scattering. In the standard test for Haze of 
transparent plastics (below), only light deviating 
more than 2.5 deg is considered Haze. 

For transparent plastics having Haze values less 
than 30%, two methods (D1003-52) are used. The 
specimen is a clean, blemish-free, void-free disk about 
1% in. in dia. Procedure A uses a haze meter—essen- 
tially a unidirectional light source, an integrating 
sphere for collecting transmitted light flux, a light 
trap, and a photoelectric cell connected to a galvano- 
meter for light measurements. First the incident light 
(T,) is determined by measuring the light reflected 





from a reflectance standard at an aperture in the 
sphere. Next, with the standard still in position, the 
specimen is placed over a 1-in. aperture in the sphere 
in the beam path and the total light passing through it 
(T:) is measured. Then, with neither the specimen nor 
the standard in position, the light trap is placed in 
position and the amount of light scattered by the 
instrument (T;) is measured. Finally, with only the 
specimen in position, the light scattered by the instru- 
ment and the specimen (T,) are measured, i.e., the 
light in the sphere. Total transmittance is the ratio 
T./T;. The light scattered by the instrument, T;, is 
corrected by multiplying by Total Transmittance, 
T./T;, and the result subtracted from T, to give the 
light scattered by the specimen. Diffuse Transmittance 
is equal to this value divided by incident light T;. Haze 
is the ratio of Diffuse Transmittance to Total Trans- 
mittance, expressed in %. The standard illuminant 
(A or C) used in the test must be reported. 

In Procedure B, the approach is similar except 
that a recording spectrophotometer is used to record 
curves vs wavelength for each of the four conditions, 
and the values are computed by integrating across the 
entire visible spectrum (see COLOR). Thus Haze be- 
comes the ratio of Diffuse Luminous TRANSMITTANCE 
to Total Luminous TRANSMITTANCE, expressed in %. 


Heat, Specific 


A component of the THERMAL Diffusivity of a ma- 
terial. The quantity of heat required to change the 
temperature of a unit mass of material 1 deg, com- 
monly expressed in Btu/Ib/°F. Numerically, Specific 
Heat is the same in both England and cgs (i.e. cal 
gm/°C) units, since the unit of heat are defined in 
terms of Specific Heat. Mean Specific Heat is the 
average Specific Heat over a specified temperature 
range. 

Essentially, Specific Heat is determined in a ca- 
lorimeter by heating a known weight of the material 
to a known elevated temperature, adding it to a 
known weight of water at a known low temperature, 
and measuring the resulting equilibrium temperature. 
By equating the heat absorbed by the water and the 
containing vessel to the heat given up by the hot ma- 
terial, the Specific Heat of the material can be cal- 
culated by dividing its heat loss by its weight and 
temperature change. 

In practice (C351-54T), the “water equivalent” of 
the calorimeter—i.e., the mass of water that requires 
the same amount of heat as the calorimeter for a 
given temperature change—is first determined using 
a Specific Heat standard. Then a weighed amount of 
water, about 300 gm, is poured into the calorimeter. 
The dried and weighed specimen is placed in a cap- 
sule, heated to a measured temperature, then lowered 
rapidly into the water, and water temperature meas- 
ured at 1-min intervals until a plot of water temp- 
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erature vs time shows a constant slope over a 10-min 
period. The original temperature of the water is 
actually determined by regular readings vs time be- 
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fore mixing and extrapolating the curve ahead to the 
time of mixing. The equilibrium temperature of the 
mixture is determined by extrapolating the final slope 
back to the time of mixing. The thermal exchange 
that takes place during the first minute is considered 
instantaneous and is proportional to the temperature 
difference read from the graph. The amount of heat 
absorbed by the water and calorimeter—and thus the 
amount given up by the specimen and the capsule—is 
equal to weight (i.e., weight of water plus “water 
equivalent” of the calorimeter) multiplied by increase 
in temperature multiplied by the Specific Heat of 
water. Dividing by the drop in temperature of the 
capsule gives the thermal capacity of the capsule and 
specimen, and subtracting the product of capsule 
weight and capsule Specific Heat gives the thermal 
capacity of the specimen. Dividing by the mass of 
the specimen gives the Specific Heat of the material. 


Heat of Fusion 
The amount of heat per unit weight absorbed by a 
material in melting. 





Hiding Power 
The ability of a paint to obscure a surface. Also called 
Opacity. Usually measured by the CONTRAST Ratio. 


Hue 
The attribute of COLOR which determines its position in 
the wavelength spectrum, i.e., whether it is red, 
yellow, green, blue, violet, etc. 


Hysteresis Loop, Magnetic 
A curve showing the relationship between magnetizing 
force and magnetic induction in a material which is 
in a cyclically magnetized condition. For each value 
and direction of the magnetizing force, there are two 
values of induction—one when the magnetizing force 
is increasing and one when the magnetizing force is 
decreasing. The result is actually two smooth curves 
joined at the ends to form a loop. The area within 
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the loop represents the energy expended in the ma- 
terial in the form of heat. Where an alternating cur- 
rent is used, the loop indicates the amount of energy 
transformed into heat during each cycle of current. 
The Magnetic Hysteresis Loop is commonly deter- 
mined by means of Normal INDUCTION measurements. 
From it can be read the values of Residual INDUCTION 
(B,) and COERCIVE Force (H.). 


Hysteresis Loss, Magnetic 
The power (P,) expended in a magnetic material as a 
result of magnetic hysteresis when induction is cyclic. 
The enclosed area of the Magnetic HYSTERESIS Loop. 
It is one component of the Specific CoRE Loss and is a 
function of COERCIVITY and RETENTIVITY. 


Impedance Permeability, Apparent 
See Rms EXCITATION. 
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Induction, Intrinsic 


The extent to which induction in a magnetic material 
exceeds induction in a vacuum for a particular mag- 
netizing force (B,). The measured induction minus 
the product of the magnetizing force and the Per- 
meability of a vacuum. In the cgs electromagnetic 
system (gausses, oersteds), the Permeability of a 
vacuum is arbitrarily taken as unity, so that Intrinsic 
Induction is numerically equal to Normal Induction 
minus magnetizing force. Intrinsic Induction is some- 
times plotted against magnetizing force. 


Induction, Normal 


The limiting induction—in either direction—of a 
material which is in a symmetrically, cyclically mag- 
netized condition. The magnetic material is placed 
within a coil. A magnetizing force is applied by send- 
ing current through the primary winding, force being 
proportional to the current and the number of turns 
on the winding. The resulting magnetic flux induces a 
voltage in a secondary winding which is connected to 
a previously calibrated galvanometer, the galvano- 
meter deflection being proportional to the flux density 
or induction. Induction is measured for both increasing 
and decreasing magnetizing force, and for magnetiz- 
ing force in both directions, to develop Magnetizing 
and Demagnetizing Curves. Complete Magnetizing and 
Demagnetizing Curves form a Magnetic HYSTERESIS 
Loop. Other important properties that can be deter- 
mined from a Normal Induction curve include Resi- 
dual INDUCTION, COERCIVE Force and Normal PERME- 
ABILITY. 

Three different methods (A341-55) are used to 
measure Normal Induction, dependent somewhat upon 
the nature of the material and its form. In the per- 
meameter method, the specimen consists of a stack 
of 4 to 12 strips, the number increasing as thickness 
decreases. A number of commercial instruments are 
available. For rings of magnetic materials—particu- 
larly soft materials not requiring high magnetizing 
forces— the Rowland Ring method is used. The meth- 
od is suitable for materials having directional proper- 
ties provided orientation can be made circumferential 
around the ring. The secondary or flux coil is wound di- 
rectly on the ring, and the primary or magnetizing 
coil is wound over it. 

The electrical circuit is essentially the same for 
all three methods. Magnetizing force is determined by 
calibration using a mutual inductor in the permea- 
meter method, and by calculations based on the length 
of the magnetic path in the Rowland and Epstein 
methods. Induction is determined in all three methods 
by calibration of the secondary circuit in terms of a 
known inductor. The third method, known as the 
Epstein Double-Lap Joints test, is used for flat rolled 
magnetic materials. The specimen consists of strips 
about 11 to 20 in. long. Number of strips ranges 
from 20 to 50, increasing as thickness decreases. The 
strips are assembled in a square frame consisting of 
four solenoids, each having two windings. In each 
corner of the frame the strips of adjacent sides 
overlap and are clamped together. The opposite solen- 
oids contain strips cut in the same manner, i.e., paral- 
lel or perpendicular to the rolling direction. 


Induction, Residual 


A measure of the permanence of magnetization in a 
material. The magnetic induction (B,) corresponding 
to zero magnetizing force in a magnetic material 
which is in a symmetrically, cyclically magnetized 
condition. The induction at either of the two points 
where the Magnetic HYSTERESIS Loop intersects the 
B axis. It is determined from Normal INDUCTION data. 
See also RETENTIVITY. 


Induction, Saturation 


The maximum Intrinsic INDUCTION possible in a mate- 
rial (B,). 





insulation Ratio, Effective 


See Thermal TRANSMITTANCE. 


Iron Loss 


An alternate term for Specific Core Loss (see Specific 
CORE Loss). 


Lamination Factor 


A measure of the effective volume of a laminated 
structure, in particular (A344-52) a laminated struc- 
ture composed of strips of magnetic material. The 
ratio of the volume of the structure as calculated from 
the weight and DENSITY of the strips, to the measured 
solid volume of the structure under pressure. Given 
a certain required mass of metal, and assuming strips 
equivalent in number and thickness, the actual depth 
of a laminated structure can be calculated by dividing 
theoretical depth (i.e., the product of strip thickness 
and number of strips) by this ratio. The difference in 
volume, i.e., the difference between the ratio and 1.0, 
is a measure of the total effect of such factors as 
oxides, roughness and insulating coatings in prevent- 
ing perfect planar contact between the strip surfaces. 
Strips about 10 in. long and 1% in. wide are weighed, 
then stacked between two plates and subjected to 
50-psi uniform compression. A stack may consist of 
24 to 100 strips, the number increasing as strip thick- 
ness decreases. Volume under pressure is calculated 
by multiplying strip area by the distance between faces 
of the compression plates while under pressure. 


Lightness 


The attribute of coor which permits any color to be 
classified as equivalent to some member of the series 
of grays ranging between black and white. The term 
SHADE is often used to describe differences in Light- 
ness, Lightness difference is measured as part of the 
COLOR Difference test. 


Line of Sight, Deviation of 


The extent to which line of sight is displaced when a 
target is sighted through flat or curved sections made 
of transparent plastics (D881-48), generally in terms 
of angular deviation. A telescope is focused on a ruled 
target. The specimen is placed in the line of sight 
and the apparent shift in the position of the telescope 
crosshairs on the target noted. Angular deviation in 
min is equal to 3440 Ns/L, where N is the number of 
rulings apparently shifted, s is the ruling spacing in 
in., and L is the distance in in, between the target 
and the part of the specimen being examined. The 
deviation depends both on the angle of incidence and 
the lack of parallelism of the surfaces, if any. Angle 
of incidence is generally chosen to simulate service. 


Liquidus Temperature 


The temperature at which an alloy finishes melting 
during heating or starts freezing during cooling, under 
equilibrium conditions. For pure metals, the same as 
the soLipuUs Temperature and known simply as the 
MELTING Point. Effective Liquidus Temperature is 
raised by fast heating and lowered by fast cooling. 


Loss Angle 


A measure of the electrical power loss in an insulating 
material subjected to a.c. current. The arctangent of 
the DISSIPATION Factor, and thus the angle between a 
material’s parallel resistance and its total parallel 
impedance in a vector diagram when the material is 
used as the dielectric in a capacitor. Complement of a 
material’s PHASE Angle. Sometimes called Phase De- 
fect angle. Conventionally designated 4. 


Loss Factor 


A measure of the electrical power loss in an insulating 
material subjected to a.c. current. The product of the 
DISSIPATION Factor and the DIELECTRIC Constant. It is 


proportional to the energy loss per cycle per unit vol- 
ume per squared potential gradient. Conventionally 
designated DK, it is expressed in the same units as 
Dissipation Factor (sec per cycle-ohm-farad). A low 
Loss Factor is desirable for high frequencies; for a 
given value of Loss Factor, power loss increases 
directly with frequency. 

A low Loss Factor is generally desirable for a 
material, either as an insulator or as a capacitor 
dielectric, to reduce heating and minimize electrical 
effects on the rest of the network. Sometimes Loss 
Factor is deliberately increased in an insulating ma- 
terial, usually by increasing Electrical Conductivity, 
to reduce the voltage gradient. Loss Factor generally 
increases with humidity, weathering, deterioration and 
exponentially with temperature. It also varies con- 
siderably with frequency. 


Luminous Reflectance, Transmittance 
See Luminous REFLECTANCE, Luminous Directional RE- 
FLECTANCE, Luminous TRANSMITTANCE and Diffuse 
Luminous TRANSMITTANCE. 


Magnetic Energy Product, Maximum 
The maximum external energy that contributes to the 
magnetization of a material. It corresponds to the 
maximum value of the abscissa for the MAGNETIC 
Energy Product Curve. 


Magnetic Energy Product Curve 
The curve obtained by plotting the product of induc- 
tion and demagnetizing force against corresponding 
values of induction, i.e., the product of the coordinates 
of the Demagnetizing Curve (B.a,Ha) as the abcissa vs 
induction (Ba) as the ordinate. 


Mass-Tone 
An alternate term for Mass COLOR. 


Melting Point 

For a pure metal, the temperature at which liquefac- 
tion occurs on heating or solidification occurs on cool- 
ing under equilibrium conditions. Under slow heating 
or cooling, the temperature is easily observed because 
the isothermal absorption or evolution of the Heat of 
Fusion at that temperature interrupts the heating or 
COOLING Curve abruptly. Alloys and other materials 
have a MELTING Range, and Melting Point is often 
defined as the temperature near the bottom of this 
range at which an observable change caused by melt- 
ing occurs. 

In general, Melting Point is determined by heat- 
ing a small specimen fairly rapidly in a crucible or 
other suitable container to a temperature not too far 
below the Melting Point, then raising temperature 
slowly—a few degrees a minute—and watching closely 
for the first indication of liquefaction. 

For nylon, Melting Point is determined with a 
Fischer-Johns apparatus No, 12-142 (D789-53T). A 
thin shaving is placed between cover glasses and 
heated on an aluminum stage. Near the melting point, 
temperature is increased 3.6 °F per min. 

For TFE, Melting Point is defined (D1457-56T) 
as the temperature at which a shaving changes from 
milky white to gray translucent at the outer edges. 
The piece, shaved from a molded disk, is 10-15 mils 
thick, 50-70 mils wide, and %*%-% in. long. Tempera- 
ture is increased at 1.8 °F per min above 590 F. 

For filling and treating compounds used for elec- 
trical insulation (D176-56T), Melting Point is defined 
as the temperature at which the material becomes 
fluid enough to drop off the bulb of a thermometer 
(D127-49). The chilled bulb is inserted in the molten 
material to coat it, then removed from heat until the 
coating solidifies. The thermometer is brought to 60 F, 
and temperature increased gradually—3 °F per min to 
100 F, 2 °F per min above 100 F—to the Melting 
Point. 
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Melting Range 
The range of temperature between the soLiIpus Tem- 
perature and the Liquipus Temperature for an alloy. 


Neutron Absorption Cross Section 


Also called Neutron Capture Cross Section. A measure 
of the probability that a single nucleus of a material 
subjected to nuclear bombardment will intercept and 
interact with an incoming neutron. Expressed in sq 
cm, the fraction of neutrons contained in a beam of 
1-sq cm cross section that can be expected to be inter- 
cepted by a single nucleus. Effective Neutron Absorp- 
tion Cross Section depends on the level of incident 
energy; for fast neutron scattering, it approximates 
the theoretical area of the nucleus. The common units 
are barns per atom, where 1 barn is equal to 10 sq 
em. A low cross section is desirable for nuclear reactor 
core materials, a high value for reactor shielding. 


Opacity 


The degree to which a material or coating obstructs 
the transmittance of visible light. The term is used 
primarily in connection with nearly opaque materials, 
for which Opacity is generally reported in terms of 
the CONTRAST Ratio. Opacity of light-transmitting ma- 
terials is usually expressed in terms of its opposite 
or complementary property, i.e., Total TRANSMITTANCE 
or Diffuse Light TRANSMISSION Factor. 


Over-Tone 


An alternate term for Mass COLOR. 


Permeability, A.C. 

An index of the ease of magnetization of a material. 
The ratio of the maximum value of induction to the 
maximum value of the magnetizing force for a mate- 
rial which is in a symmetrically cyclically magne- 
tized condition. The specimen (A343-54) consists of 
Epstein strips assembled to form a square-sided core 
with double-lap joints (see Normal INDUCTION). Be- 
cause of the sinusoidal wave form of a.c. current, it 
is necessary to use a special technique to obtain a 
maximum force value rather than a value proportional 
to rms current. A flux voltmeter is connected across 
the secondary of a mutual inductor in the primary 
circuit, and calibrated in terms of crest magnetizing 
current, since its reading will be proportional to crest 
current. Using the flux voltmeter as an indicator, 
primary voltage is adjusted to a calculated value pro- 
portional to maximum induction and to the specimen’s 
cross-sectional area. Air flux is compensated for by 
calculation or by balancing it off with a mutual induc- 
tor. Magnetizing force is calculated, being propor- 
tional to crest magnetizing current and number of 
turns on the primary, and inversely proportional to 
the length of the magnetic path. A.C. Permeability 
is the ratio of 1) the maximum induction value used 
in calculating applied voltage to 2) the calculated crest 
magnetizing force. Tests at 60 cps are usually made 
at inductions of 10 and 15 kilogausses. The same test 
can be used to determine Specific A.C. core Loss by 
connecting in a wattmeter. Two other methods used 
to determine Incremental A.C. PERMEABILITY can also 
be used to determine A.C. Permeability simply by not 
energizing the d.c. winding on the coil. 


Permeability, Apparent Impedance 


An index of the ease of magnetization of a material. 
The ratio of induction to Rms EXCITATION in a mate- 
rial which is symmetrically cyclically magnetized. 


Permeability, Effective A.C. 


An index of the ease of magnetization of a material. 
A.C. PERMEABILITY as indicated by the capacitance 
needed to balance the effective inductance of the ma- 
terial when magnetized as a core. The test (A346-58) 
assumes that the impedance of the primary can be 


made equivalent to a network of resistance and in- 
ductance components. A laminated core specimen (see 
Normal INDUCTION) is used. The bridge circuit is 
adjusted so that an adjustable resistor balances the 
effective resistance of the core specimen and an ad- 
justable condenser balances the effective inductance of 
the core specimen. The resistance and inductance of the 
winding alone are balanced off by a preset resistor 
and condenser. By calculations based on length of 
magnetic path, cross-sectional area of the specimen, 
induction and applied voltage, the bridge is calibrated 
to give permeability values directly from the variable 
condenser reading. Tests at 60 cps are usually made 
at inductions of 40, 100, 200 or 6000 gausses. This 
method is also used to determine Specific CORE Loss, 
using the effective parallel resistance of the specimen, 
and Specific REACTIVE Power. Incremental A.C. PER- 
MEABILITY can also be determined, using d.c. forces 
of 0.25, 1 and 5 oersteds. 


Permeability, Incremental A.C. 


When compared with normal A.C. PERMEABILITY, an 
index of the increase in mean induction that can be 
expected when a.c. magnetization is superimposed 
upon d.c. magnetization. Two methods (A343-54) are 
used, the specimen in both cases consisting of Epstein 
strips assembled to form a square-sided core with 
double-lap joints (see Normal INDUCTION). Each sole- 
noid has three windings—an a.c. primary, the induc- 
tion secondary, and a d.c. primary. A d.c. magnetiz- 
ing force of up to 2 oersteds is applied. A predeter- 
mined a.c. voltage, proportional to maximum induction 
and the specimen’s cross-sectional area, is applied. 
When the a.c. magnetizing current is superimposed on 
a d.c. current, it is common to use 10 gausses at either 
60 or 1000 cycles. With a.c., alone, 10 or 1000 gausses 
at 60 cycles, or 10 gausses at 1000 cycles, are used. 

In one method a circuit bridge is balanced by 
means of a condenser and resistor in parallel. Incre- 
mental A.C, Permeability is calculated from the value 
of the variable resistor in an induction-force equation 
containing a constant for the bridge. Specific CORE 
Loss can be calculated from the value of the variable 
condenser, and Specific REACTIVE Power from the value 
of the variable resistor and the current frequency. 
This method can also be used to determine Normal 
INDUCTION. 

In the other method, a potentiometer is connected 
across the secondary winding and adjusted so that 
the in-phase dial indicates total voltage and the quad- 
rature dial reads zero. When primary voltage is set 
to give calculated induction, the potentiometer is con- 
nected to a resistor and read, In-phase voltage is the 
power component; quadrature voltage is the magnetiz- 
ing component. Corresponding currents are calculated 
by Ohm’s Law using the series resistance. Incremen- 
tal Permeability is calculated from an induction-force 
equation and is inversely proportional to the quadra- 
ture current. Incremental A.C. CoRE Loss can be calcu- 
lated from the in-phase current, and Incremental 
REACTIVE Power from the quadrature current. 

Both of these methods can be used to determine 
A.C. Normal PERMEABILITY, Specific A.C. Core Loss 
and Specific: REACTIVE Power simply by not energizing 
the d.c. winding on the coil. See also Effective A.C. 
PERMEABILITY. 


Permeability, Initial 


The slope of the Normal INDUCTION curve at zero 
magnetizing force (#.). 


Permeability, Intrinsic 


The ratio of Intrinsic INDUCTION to the corresponding 
magnetizing force (). 


Permeability, Maximum 


The maximum value of Normal PERMEABILITY for a 
magnetic material (“#,). 
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Permeability, Normal 
An index of the ease of magnetization of a material. 
The ratio of Normal INDUCTION to corresponding 
magnetizing force (u). The slope of the magnetizing 
or Normal Induction curve at a specified value of 
magnetizing force. See also A.C. PERMEABILITY. 

Four methods (A342-53) are used to determine 
the Normal Permeability of feebly magnetic materials, 
i.e, materials having a Normal Permeability not ex- 
ceeding 4.0. Each test determines Intrinsic Permea- 
bility, i.e., the ratio between Intrinsic INDUCTION and 
the corresponding magnetizing force. Normal Perme- 
ability is equal to Intrinsic Permeability plus the 
permeability of a vacuum, which in the cgs system 
(gausses, oersteds) is taken as 1.0. 

In three methods, Intrinsic Induction is deter- 
mined by energizing a coil, adjusting the secondary 
circriit of the coil to balance off the air flux, then 
inserting the specimen and measuring the flux density 
or induction of the material alone. 

Method No. 1 uses a permeameter consisting of a 
magnetizing solenoid with two test coils measuring 
magnetizing force and induction. The specimen may 
be straight bar, rod, wire or strip; the ratio of length 
to diameter or equivalent diameter depends on the 
permeability range and is specified. Magnetizing force 
and induction are calibrated in terms of a standard 
inductor. Air flux is balanced by means of a compen- 
sating coil. In Method No. 2, a balancing resistor and 
a special switch are used for flux compensation. In 
Method No. 3 a compensating inductor is used to 
balance the air flux, and induction is measured in 
terms of the change in a variable inductor needed to 
null-balance the voltage in the secondary circuit after 
the specimen has been inserted in the coil. 

Method No. 4 is suitable only for paramagnetic 
materials, i.e., materials having permeability less than 
1.05. The specimen may be straight bar, rod, wire, 
strip or tube of uniform cross section at least 2% in. 
long and no more than % in. wide. It is suspended 
from a scale balance so that the lower end is close to 
the center of the air gap in an electromagnet. The 
specimen is weighed without the magnet energized, 
then with applied magnetizing forces of 500 and 1000 
oersteds. Intrinsic Induction at each magnetizing force 
is equal to 24.6 F/AH’, where F is the force in mg 
acting on the specimen due to the magnetizing current, 
A is cross-sectional area of the specimen in sq cm, 
and H is the magnetizing force in oersteds. 


Permittivity, Relative 
An alternate term for DIELECTRIC Constant. 


Phase Angle 
The angle by which voltage leads current in a mate- 
rial subjected to an a.c. current. The angle between a 
material’s parallel reactance and its total parallel 
impedance in a vector diagram when the material is 
used as the dielectric in a capacitor. Complement of a 
material’s Loss Angle. 


Phase Defect Angle 


An alternate term for Loss Angle. 


Porosity 
The relative extent or volume of open pores in a 
material. The ratio of pore volume to overall volume 
of a material in %. See also Apparent POROSITY. 
Porosity of sintered metal powder parts (D328- 
58T) is determined by measuring the weight of a 
specimen that is oil-free, again when it is oil-impreg- 
nated, and finally when the oil-impregnated specimen 
is suspended in water. The weight of the oil added is 
given by the difference in the first two weights, and 
the volume of the oil added—equivalent to pore vol- 
ume—is found by dividing the oil weight by the Spe- 
cific GRAVITY of the oil at the test temperature. Assum- 


ing a Density for water of 1 gm per cu cm, total 
volume of the specimen is equal to the loss in weight 
of the oil-impregnated specimen in water. 

Three methods are used for electrical porcelain 
(D116-44). In testing porcelain it is important that 
a certain amount of newly fractured surface be pres- 
ent. Where water absorption exceeds 0.1%, Porosity 
is reported in terms of water absorption, determined 
by weighing before and after 30-min submersion in 
boiling water, followed by quenching and wiping 
(Method A). In Method B, the volume of air cun- 
tained in the pores is determined. The McLeod Poros- 
imeter is often used. The fractured specimen is placed 
in a receptacle where it is exposed to a vacuum for 
at least 1 min. The air in the pores expands into the 
evacuated space around and above the porcelain and 
is collected in a capillary tube, adjusted to atmos- 
pheric pressure by a mercury leveling procedure, and 
pore volume read. Total volume may be determined 
by a method similar to that for metal powder parts 
(above), using water impregnation. In Method C, 
Porosity is indicated qualitatively by the penetration 
of a dye into the porcelain. Freshly broken % to 
%4-in. fragments are immersed in a fuchsine solution 
under 4000 psi for 15 hr or 10,000 psi for 5 hr, then 
dried and broken open, 


Porosity, Apparent 


The PorosiTy of a material based on volume is calcu- 
lated from exterior measurements. Typical is the test 
used for fired whitewares (C373-56) and burned re- 
fractory brick (C20-46). The exterior volume of the 
specimen in cu cm is calculated from dimensional 
measurements, and its dry weight in gm determined. 
Then the specimen is saturated by boiling 5 hr and 
soaking 24 hr in water, blotted off and weighed again. 
Assuming the Density of water to be 1 gm per cu cm, 
the increase in weight in gm is numerically equivalent 
to open pore volume in cu cm, and Apparent Porosity 
in % is equal to the difference in weight divided by 
the calculated volume and multiplied by 100. 


Power Factor 


A measure of the electrical power loss in a capacitor 
material subjected to an a.c. field. The ratio of the 
energy lost in the form of heat to the energy required 
to charge the capacitor. The cosine of the PHASE 
Angle (cos @) and the sine of the Loss Angle (sin 3), 
and thus the ratio between a material’s parallel re- 
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actance and its total parallel impedance in a vector 
diagram. When Dissipation Factor is less than 0.1, 
Power Factor is smaller than DISSIPATION Factor by 
less than 0.5%. Since the two angles indicated— Phase 
Angle and Loss Angle—are complementary, the exact 
relationship between Power Factor and Dissipation 
Factor can be found by using simple equations or 
trigonometric tables. Since energy loss is directly pro- 
portional to frequency, a low Power Factor is essential 
in materials to be used at high frequencies. 


Quality Factor 


The reciprocal of DISSIPATION Factor or Loss Tangent. 
Also called Storage Factor. When materials have ap- 
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proximately the same DIELECTRIC Constant, a higher 
Quality Factor indicates less power loss. 


Reactive Power, Specific 


For a specified Normal INDUCTION in a material, the 
component of the applied a.c. power which is “reac- 
tive,” ie., returned to the source, when polarity is 
reversed. The product of induced voltage and the 
reactive current per unit weight of material, i.e., the 
product of voltage, current and the sine of the PHASE 
Angle. It can be determined by the test used for 
Effective A.C. PERMEABILITY (A346-58). Reactive 
Power (P,) of a core is given by an equation in which 
it is proportional to the square of the equivalent in- 
duced voltage (i.e., the measured secondary voltage 
referred to the primary winding) and inversely pro- 
portional to both frequency and the effective parallel 
inductance of the core as indicated by the value of the 
variable condenser needed to balance the bridge. Spe- 
cific Reactive Power in vars per lb is calculated by 
dividing by the weight of the core. Reactive Power 
can also be determined by the test used for Incre- 
mental REACTIVE Power by simply not energizing the 
d.c. winding. See also Incremental A.C. PERMEABILITY. 


Reactive Power, Specific Incremental 


The Specific REACTIVE Power in a magnetic material 
when subjected simultaneously to a _ unidirectional 
(“biasing”) and an alternating magnetizing force. It 
can be determined by the tests used for Incremental 
A.C, PERMEABILITY (A343-54). In the bridge method, 
Incremental Reactive Power is calculated from an 
equation in which it it proportional to frequency and 
inversely proportional to the value of the variable 
resistor needed to balance the bridge. In the poten- 
tiometer method, Incremental Reactive Power is equal 
to the product of the indicated quadrature current 
and the equivalent induced voltage (i.e., the measured 
secondary voltage referred to the primary winding). 
Specific Incremental Reactive Power is equal to Incre- 
mental Reactive Power divided by the weight of the 
core. Specific Reactive Power can also be determined 
by these methods by not using the d.c. winding. 


Reflectance, Infrared 


A measure of infrared BRIGHTNESS. Two direct optical 
methods are used. In each, a standard beam of light 
is thrown on the specimen normal to its surface and 
reflectance measured from the same position, using 
filters to select specified wavelengths for viewing in 
the infrared range. Both illuminating and viewing 
are diffuse. In one method (Fed 141-6241) a spectro- 
photometer is used to determine reflectance at each of 
30 selected wavelengths. Infrared Brightness may be 
reported as the average of the reflectance at the 30 
wavelengths and at a selected 10 of the 30 wave- 
lengths, or as a Spectral REFLECTANCE curve. In the 
other method (Fed 141-6242), the Hunter Multipur- 
pose Reflectometer is used to compare the reflectance 
of the specimen with that of calibrated standards. 

A third method—primarily an acceptance test— 
uses photography (Fed 141-6243). The specimen is 
photographed simultaneously with calibrated stand- 
ards representing minimum and maximum acceptable 
infrared Brightness, using a tungsten lemp, Wratten 
89-A filter and infrared film. Direction of illumination 
is approximately 45 deg to the normal. The developed 
negative is examined on a light box, using a diffuse 
light source under frosted or opal glass. The specimen 
is satisfactory if the density of its image is equal to 
or greater than that of the minimum reflectance stand- 
ard. A densitometer, i.e., an instrument that measures 
quantitatively the relative light transmission through 
a photographic film, is used where necessary. 


Reflectance, Luminous 


A measure of the Brightness of a material. The ratio 
of light reflected by a specimen to the light incident 
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on it. The Luminous Reflectance of a material of such 
thickness that any increase in thickness would fail to 
change the value is called Luminous Reflectivity. Cal- 
culated from Spectral Reflectance (including the spe- 
cular component) and spectral luminosity (see COLOR), 
it is a function of the spectral and angular distribu- 
tion of incident light energy. Also called Total Lumi- 
nous Reflectance to more readily distinguish it from 
Luminous Directional REFLECTANCE, 


Reflectance, Luminous Directional 


A measure of the Brightness of a material. The ratio 
of the Brightness of a material to the Brightness that 
an ideally diffusing, completely reflecting light surface 
would have when illuminated and viewed in the same 
manner. The Luminous REFLECTANCE which a perfectly 
diffusing surface would need in order to appear as 
bright as the material under test when illuminated 
and viewed the same way. It depends upon the spec- 
tral and angular distribution of incident energy and 
upon direction of viewing. The term Luminous Direc- 
tional Reflectivity is used to indicate an inherent 
property of the material as opposed to that of a par- 
ticular object. 

Luminous Directional Reflectance can be calculated 
from the Spectral Reflectance curve (see COLOR) ex- 
cluding the specular or normal component. Where the 
specular component of reflectance has not been elimi- 
nated in the test, it can be eliminated mathematically 
from the curve by calculating Specular Reflectance for 
normal incidence (R;) from Fresnel’s equation using 
Index of REFRACTION of the specimen (n): 

R, = (n—1)*/(n+1)? 
and subtracting it from measured reflectance at each 
wavelength. 

Luminous Directional Reflectance is commonly 
determined for an opaque material illuminated at 45 
deg and viewed normal to the surface. Illuminant C 
(average daylight) is used to determine daylight 
Luminous Directional Reflectance of paints, opaque 
white porcelain enamels and whiteware ceramics, re- 
flectance being viewed by a receptor simulating the 
normal human eye (CIE standard observer). A blue 
light is used to determine the Blue Light Reflectance 
or Brightness of uncolored papers and pulps in sheet 
form, reflectance being viewed by a receptor having a 
response equivalent to the z function of the CIE stand- 
ard observer (E97-55). In each case a photometer 
reading is taken of the reflectance from the test ma- 
terial and from a standard (magnesium oxide or a 
“working” standard calibrated against magnesium 
oxide as 100), and the ratio of specimen to standard 
calculated. Luminous Directional Reflectance is equal 
to the assigned reflectance of the working standard 
multiplied by the calculated ratio and expressed in %. 
When the green filter is used it is reported as 45-deg, 
0-deg daylight Luminous Directional Reflectance. When 
the blue (or amber) filter is used, it is reported as 
45-deg, 0-deg Directional Reflectance for Blue Light 
(or Amber Light). 


Reflectance, Spectral 


A measure of Brightness. The ratio of the light re- 
flected by a specimen to the homogeneous light energy 
incident on it. It depends on angular distribution of 
the incident energy. The term Spectral Reflectivity is 
used to indicate the inherent property of a material 
of such thickness that any increase in thickness would 
fail to change the Spectral Reflectance. See also Spec- 
tral Directional REFLECTANCE. It may be expressed 
in the form of a curve of Luminous Directional RE- 
FLECTANCE vs wavelength. A curve over the wave- 
length range of 400 to 700 mz is specified for Spectral 
Reflectivity of paper (TAPPI T442m-47). 


Reflectance, Spectral Directional 
A measure of the Brightness of a material. The Spec- 
tral REFLECTANCE which an ideal diffusing surface 





would need in order to appear the same as the speci- 
men under test when illuminated and viewed the same 
way. It depends upon the angular distribution of the 
incident light and upon direction of viewing. The term 
Spectral Directional Reflectivity is used to denote an 
inherent property of the material as opposed to that 
of a particular object. 


Reflective Diffusion Value 


See DIFFUSION Value. 


Reflectivity, Apparent 


A term used for the Luminous Directional REFLECT- 
ANCE (Reflectivity) of paper (TAPPI T442m-47). 


Refraction, Index of 


Also called Refractive Index. The ratio of the velocity 
of light in a vacuum to its velocity in the material. 
The ratio of the sine of the angle of incidence of light 
to the sine of the angle of refraction. 

For transparent plastics, two methods (D542-50) 
are used, In the refractometric method, a small drop 
of contacting liquid having a higher Index of Refrac- 
tion than the piastic is placed on a % by %%-in., per- 
fectly plane, polished specimen, and that face of the 
specimen placed against the fixed half of the prism of 
of an Abbé Refractometer with a polished edge toward 
the light source. The refractometer is adjusted to pro- 
vide a half-dark, colorless field such that the dividing 
line between the light and dark portions of the field 
as seen through the eyepiece coincides with the inter- 
section of the eyepiece crosshairs, and Index of Re- 
fraction for the sodium D line is read directly from 
the instrument. A similar test is used in estimating 
changes in composition occurring in askarels (D901- 
56); the oil is placed directly on the prism. 

In the microscopic method, a plane specimen is 
placed on the stage of a microscope with the polished 
surface nearest to the objective lens. The microscope 
is focused on the bottom surface as seen through the 
material, then on the top surface, and the microscope 
displacement noted. Index of Refraction is equal to 
the actual thickness of the material divided by its 
apparent thickness as measured by the microscope dis- 
placement. Whereas the refractometric method is 
accurate to four significant figures (provided wave- 
length of light is specified), the microscopic method 
is accurate to only three. 


Reluctivity 
The reciprocal of the magnetic Normal PERMEABILITY 
of a material (v). 


Resistance, Insulation 


A measure of the ability of a nonconducting material 
to resist flow of an electric current. The ratio of 1) 
the direct voltage applied between two electrodes in 
contact with the material, to 2) the total current be- 
tween the electrodes, in ohms or megohms. Since this 
test permits current to flow both through the specimen 
and along its surface, Insulation Resistance does not 
differentiate between Volume RESISTIVITY and Surface 
RESISTIVITY. It is a property of the form, not the ma- 
terial, and thus useful only in comparing materials 
having the same form. It is sometimes used as a con- 
venient method of classifying dielectrics of given form, 
e.g., laminated thermosetting plastics sheet (D229-58). 

The specimen—generally in the form of flat plate, 
tape or tube—is connected to form part of an electrical 
circuit. Electrodes may be embedded or simply in 
contact with the material. They may consist of bind- 
ing posts of various types to simulate expected service 
conditions, or of various conductive surfaces such as 
metal strips, silver conductive paint, sprayed or evap- 
orated metal, lead or tin foil, mercury confined by a 
ring, colloidal graphite dispersion, or highly conductive 
rubber. An example of the use of binding post elec- 
trodes is D700-57T for phenolic molding compounds. 


The posts are inserted in holes drilled in a compression 
molded disk % in. thick and 4 in. in dia—one in the 
center and six others equally spaced around a con- 
centric circle. Measurements are made between the 
center electrode and each of the other posts. An ex- 
ample of the use of metal strips is D1202-52T for 
cellulose acetate sheet and film. Two bright brass strips 
%4 in. square and at least 1% in. long are placed one 
on each side of the specimen. 

Voltages of 100 or 500 v are most commonly 
used, but higher voltages up to 15,000 v may be used 
to increase sensitivity or where information on voltage- 
resistance characteristics is desired. Since both vol- 
ume and surface resistance may be voltage-sensitive, 
comparisons between materials can be made only where 
they have been tested under the same voltage—and 
sometimes (e.g., in testing cable) the same polarity. 

Resistance is measured after current has dropped 
to the extent that its further decrease is asymtotic 
with time. For some materials and electrodes the 
correct time of electrification must be determined by 
making preliminary resistance-time measurements and 
plotting a curve, but ordinarily an electrification time 
of 1 min is specified. Resistance is measured in two 
ways. In one method, the voltage and current in the 
external circuit are measured directly and resistance 
is either computed or indicated directly by an instru- 
ment. Greater sensitivity—though sometimes less 
precision—can be obtained by electrically amplifying 
the voltage drop by a known amount before meas- 
uring. In the other method, the same test voltage 
is applied to a material of known resistance, and 
resistance of the specimen is determined either by 
measuring and comparing the two resulting currents 
or by balancing the two resistances in a bridge cir- 
cuit. Results are not usually reproducible closer than 
10% and may diverge much more. 

Since Insulation Resistance of a solid dielectric 
decreases exponentially with increasing temperature 
and increasing humidity, it is essential to measure 
resistance under specified, controlled conditions (it 
is reported that a change from 90 to 95% RH can 
change Insulation Resistance by a factor of 1,000,- 
000). Additional error can result from peculiarities 
of the measuring circuit if precautions are not taken. 

Electrical insulating oils of the petroleum type 
(D1169-58) and solid filling and treating compounds 
(D176-56T) are tested in a cell at voltages ranging 
from 3 to 30 v per mil. Insulation Resistivity of in- 
sulating oils can be calculated by applying the correct 
factor for the cell; formulas for plate, cylindrical 
and nonsymmetrical electrodes are given in D1169-58. 

A special method is used for nonrigid vinyl tubing 
(D876-58T). A 2-ft specimen is bent to a U-form, 
immersed 1 ft deep in a 1% salt solution with both 
open ends protruding, and filled with the same salt 
solution. The two bodies of salt water are used as 
the electrodes. Insulation Resistance is determined 
after 24-hr immersion and is reported as megohms 
per ft. Sometimes this value is converted to Volume 
Resistivity. 


Resistivity, Electrical 


The electrical resistance of a material (usually a 
metal) 1) per unit length and unit cross-sectional 
area (see RESISTIVITY), or 2) per unit length and 
unit weight (see Weight RESISTIVITY). See also Vol- 
ume RESISTIVITY and Surface RESISTIVITY for di- 
electrics. 


Resistivity 


The ability of a material to resist the flow of an 
electric current. Generally, the electrical resistance 
of a material per unit length and unit cross-sectional 
area. Also, the electrical resistance of a material 
per unit length and unit weight (see Weight RE- 
SISTIVITY). A term generally reserved for metallic 
materials, where the distinction between the two 
components, Volume RESISTIVITY and Surface RESIS- 
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TIVITY, is not usually made as it is for dielectric 
materials. A voltage is applied across the conductor 
and its electric resistance measured, usually by bal- 
ancing a bridge circuit. Resistivity in microhm-cm 
or ohm-cir mil/ft is equal to 10* AR/L where A is 
the cross-sectional area of the electrical path in sq 
cm or cir mils, R is the measured resistance in mi- 
crohms or ohms, and L is the gage length (length of 
the electrical path) in cm or ft. For electrical con- 
ductor materials, the specimen (D193-58) is at least 
1 ft long and may be wire, strip, rod, bar, tube or 
other shape of uniform cross section. For materials 
used in resistors, heating elements and electrical 
contacts (D63-49), the specimen may be wire or strip 
at least 1 ft long, or, in the case of nonductile ma- 
terials, a special 3-in, long shape having square ends 
but a cylindrical center section. For magnetic ma- 
terials (A344-52), the specimen is a straight bar or 
strip 10 in. or longer. In this case, cross-sectional 
area A is determined by dividing weight by density 
and length. Resistivity of flat rolled magnetic mate- 
rials is measured parallel to the direction of rolling. 
For conductors the terms Resistivity and Volume 
Resistivity are used interchangeably. Resistivity is 
more common for metals; on the other hand, Volume 
Resistivity is used for electrically conductive rubber. 


Resistance, Interlamination 


A measure of the resistance of a laminated magnetic 
structure to stray, intersheet power losses (A344-52). 
Generally a measure of the effectiveness of sheet sur- 
face oxides or coatings in reducing intersheet losses. 

In Method 1, 40 small Epstein strips (about 10 
by l1%6 in.) of the magnetic material, freed of 
burrs and loose particles, are stacked up on a copper 
plate backed by an insulating block. Another copper 
plate and insulating block are placed on top and a 
preload of 500 psi applied. One copper plate is con- 
nected to a potential circuit, the other to a current- 
indicating circuit. Additional test pressures of 100, 
200, 500 or 1000 psi are applied and stack resistance 
in ohms determined by Ohm’s Law from voltage and 
current measurements. Interlamination Resistance per 
strip in ohm-sq cm is calculated by multiplying stack 
resistance by cross-sectional area (i.e., the area of 
a strip) and dividing by the number of strips. 

Method 2 is primarily a quality control test for 
strip or punchings of flat rolled electrical steel. A 
strip is placed on a hot plate, heated to a specified 
temperature, and a specified pressure applied by a 
test head having 10 contacts, each in series with a 
resistor. A voltage is applied across the plate and 
test head, and current through each contact circuit 
measured by moving an ammeter lead from one con- 
tact to another, thus giving 10 measurements. Volt- 
age is adjusted so that the ammeter reading ranges 
from 0 amp for a perfect conductor to 1 amp for a 
perfect insulator. Interlamination Resistance per lami- 
nation is calculated by subtracting one (1) from the 
reciprocal of the ammeter reading and multiplying 
the result by a constant. This formula is derived 
from Ohm’s Law as modified for parallel resistances, 
the parallel resistances being the series resistance 
connected to the contact and the resistance of the 
coating between the contact surface and the lami- 
nation. 


Resistivity, Insulation 


A measure of the ability of a material to resist the 
flow of an electric current. Insulation RESISTANCE per 
unit volume. This property makes no distinction be- 
tween Volume RESISTIVITY and Surface RESISTIVITY. 
Even where no such distinction is made in the test, 
however, it is more common to use the term Volume 
Resistivity. 


Resistivity, Surface 


A measure of the ability of the surface of a dielectric 
material to resist the flow of an electric current. The 


ratio of 1) the potential gradient parallel to the 
current along the surface of a material, to 2) the 
current per unit width of surface. Surface Resistiv- 
ity is numerically equal to the Surface Resistance 
between two electrodes forming opposite sides of a 
square, regardless of the size of the square. In 
general, Surface Resistivity of dielectrics is equal to 
PR./g, where R, is Surface Resistance in ohms, g is 
the distance in cm between electrodes, and P is the 
effective “parameter” of the guarded electrode. Vari- 
ous formulas are given in D257-58 for calculating 
the effective parameters for rectangular, circular and 
tubular electrodes. Formulas are also available for 
correcting these parameters to compensate for cur- 
rent “fringing” at electrode edges or lack of uniform 
current density between electrodes. 

In determining Surface Resistance (D257-58), 
the specimen is generally in the form of flat plate, 
tape or tube. A known voltage is applied between 
two electrodes in contact with the same side of the 
material. A third electrode in contact with the oppo- 
site surface draws off current that passes through 
the volume of the material. The resistance measured 
in this method is actually the resultant of two parallel 
resistances—the Volume Resistance and the Surface 
Resistance. However, the electrodes are dimensioned 
in such a way that the effect of the Volume Resist- 
ance is negligible. Electrodes vary considerably, de- 
pending on the form of the material. For sheet and 
plate, the test electrodes usually consist of two con- 
centric rings. For tube, the test electrodes consist 
of a broad band encircling the specimen and a narrow 
band at each end, and the guard electrode covers the 
inside surface. The gap between test electrodes is 
about twice the thickness of the material. Voltage is 
applied and resistance measured as in the Insulation 
RESISTANCE test. 

Although Surface Resistivity is of some interest 
in itself, knowledge of its changes with temperature 
and humidity is even more important, and curves 
plotted against these variables are usually desirable. 
Variations in humidity, particularly, have a great 
effect on Surface Resistivity; under high humidity 
conditions, dielectrics tend to develop a surface layer 
of moisture which is a good conductor. Together with 
Volume RESISTIVITY, Surface Resistivity is often used 
in checking the purity of an insulating material dur- 
ing development and its uniformity during processing. 


Resistivity, Volume 


A measure of the ability of a material to resist the 
flow of an electric current. The ratio of 1) the 
electrical potential gradient parallel to the current 
in a material, to 2) the current density. In the metric 
system, Volume Resistivity in ohm-cm is numerically 
equal to the Volume Resistance between opposite sur- 
faces of a 1-cm cube of the material. In general, 
Volume Resistivity of dielectrics is equal to AR,/t, 
where A is the effective area of the guarded electrode 
in sq cm, t is the thickness of the specimen in cm, 
and R, is the measured Volume Resistance in ohms. 
Various formulas are given in D257-57T for calculat- 
ing the effective areas of circular, rectangular and 
special-shaped electrodes. Formulas are also available 
to compensate for differences between calculated area 
and true area resulting from “fringing” at electrode 
edges or lack of parallelism between electrode sur- 
faces. In the case of liquid insulating materials 
where Volume Resistance is measured in a cell, Vol- 
ume Resistivity may be determined by simply multi- 
plying measured resistance by a cell constant which 
is proportional to the Capacitance of the electrode 
system with air as the dielectric. 

In determining Volume Resistance, the specimen 
(D257-57T) is generally in the form of flat plate, 
tape or tube. A known voltage is applied between two 
electrodes, one in contact with each side of the spe- 
cimen. A third electrode in contact with one side of 
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the specimen draws off surtace current leakage; the 
“guard” electrode or ring is sometimes omitted with 
dry materials having negligible surface leakage, in 
which case Insulation RESISTANCE is the property 
actually determined. Electrodes vary considerably, 
depending on the form of the material. For sheet 
and plate, the guarded electrode and its guard cen- 
sist of two concentric rings. For tube, one electrode 
covers the inside surface, another covers part of the 
outside surface, and the guard consists of two en- 
circling rings—one at each end. The gap between 
the guarded and the guard electrodes is kept as small 
as possible. Diameter or shortest side of an electrode 
is at least four times the thickness of the specimen. 
Voltage is applied and resistance measured as in the 
Insulation Resistance test. 

Volume Resistivity of electrically conductive rub- 
ber (D991-48T) is calculated directly from voltage 
and current measurements. Current is passed paral- 
lel to the calender grain of a 6 by 6-in. slab and 
voltage and current measured by a galvanometer 
and null balance circuit. A formula analogous to 
the one above is used, R being replaced by the ratio 
of voltage to current and t by the width of material 
between the electrodes. Volume Resistivity of metallic 
conductors (D193-58) is also calculated by an analo- 
gous formula. However, the simpler term RESISTIVITY 
is somewhat more common for metallic conductors. 

Although Volume Resistivity is of some interest 
in itself, knowledge of its changes with temperature 
and humidity is even more important, and curves 
plotted against temperature, particularly, are some- 
times desirable. In addition, in the case of solid 
dielectrics, it is sometimes possible to develop corre- 
lations with such properties as Dielectric Strength 
and Dissipation Factor, and such factors as moisture 
content, degree of cure, mechanical continuity and 
deterioration. Thus Volume Resistivity can serve as a 
relatively easily measured index to detect changes in 
even more significant properties during development 
and processing. 


Resistivity, Weight 


A measure of the ability of a material to resist the 
flow of an electric current. Also called Mass Resis- 
tivity. The electrical resistance of a material per unit 
length and unit weight. A term generally reserved 
for metallic materials, i.e., conductors. Weight Resisti- 
vity in ohm-lb/sq mile or ohm-gm/sq m is equal to 
WR/L, L. where W is weight of specimen in lb or gm, 
R is measured resistance in ohms (see RESISTIVITY), L; 
is the gage length in miles or m used to determine R, 
and L; is the length of the specimen. 


Retentivity 


The maximum value of Residual INDUCTION in a 
magnetic material (B,.). A measure of the perma- 
nence of magnetization in a material. Low values are 
desirable for electromagnetic devices, high values for 
permanent magnets, relays and magnetos. 


Saturation 


The attribute of any color having a HUE which de- 
termines the extent to which it differs from a gray of 
the same LIGHTNESS. 


Scatter, Coefficient of 


For white porcelain enamels (C347-57), the rate at 
which reflectance increases with thickness as _ thick- 
ness approaches zero over an ideally black backing. 

Six or seven panels are prepared having coatings 
of different thicknesses calculated to give reflectances 
ranging from 50 to 75%. Weights of dry process 
enamels are determined as applied; weights of wet 
process enamels after drying and before firing. 
Coating thickness is expressed in terms of weight 
per unit area. After firing, the 45-deg, 0-deg Direc- 
tional REFLECTANCE of each panel is determined. A 
photometer or reflectometer is used to illuminate the 


specimen at an angle of about 45 deg and view it at 
an angle of about 15 deg from the normal. The il- 
luminant is the standard for average daylight (C) 
and the receptor is the CIE standard for the nor- 
mal human eye. Next, the Luminous Directional 
REFLECTANCE (Reflectivity) of the coating is deter- 
mined by measuring the reflectance of a coating 
having four times the weight required to obtain 75% 
reflectance. From a chart based on a formula devel- 
oped by Kubelka and Monk, the value of Luminous 
Directional Reflectivity and the individual values of 
reflectance for the coatings can be used to determine 
the individual scatter-thickness products for each 
coating. Individual values of scatter are calculated 
by dividing each product by corresponding coating 
weight, and the results averaged to give Coefficient 
of Scatter. 


Shade 


A term used to characterize the difference in LIGHT- 
NESS between two surface colors, the other attributes 
of coLoR being essentially constant. A lighter shade 
of a color has higher lightness but about the same 
HUE and SATURATION. 


Sheen 


The 85-deg Specular GLoss of nonmetallic materials. 


Softening Point 


An indication of the maximum temperature to which 
a nonmetallic material can be heated without loss 
of its normal “body.” The minimum temperature at 
which a specified deformation occurs under a specified 
load. Softening Point is often determined for ma- 
terials that have no definite MELTING Point, i.e., 
materials that gradually change from brittle or very 
thick and slow flowing materials to softer materials 
or less viscous liquids. 

Vicat Softening Point (D1525-58T) is commonly 
determined for polyethylenes, and may be determined 
for polystyrenes, acrylics and cellulose acetate. The 
test is unsuitable for some thermoplastics because 
of their wide Vicat softening range. A flat specimen 
% in. thick is cut from compression molded sheet, 
placed in a temperature bath and subjected to a 
1000-gm load by a flat-ended needle having a 1-sq 
mm circular or square cross section. Temperature is 
raised 122 °F per hr and the temperature noted at 
which penetration is 1 mm. 

For hard rubber (Fed 601-11311), a strip 5 by 
1% by %@ in. is supported at the ends in a temper- 
ature bath, a 5.5-lb load applied at the center of the 
span, temperature raised 3.6 °F per min, and tem- 
perature recorded for each 0.015-in. deflection, as 
shown by a dial indicator. Deflection is plotted against 
temperature, a curve drawn, and a tangent construc- 
ted to the linear portion of the curve. Softening 
Point is the temperature at which the tangent in- 
tersects the temperature axis. 

The ring and ball test (E28-58T) also measures 
the deflection of a span. It is used for asphalts, tars, 
pitches, resins and the like. The material is poured or 
molded into a %-in. ring, the leveled-off ring sus- 
pended horizontally in a temperature bath, a %-in. 
steel ball placed on top, and temperature raised 10°F 
per min. Softening Point is the temperature at 
which the material has sagged far enough to touch 
a plate 1 in. below the ring. 

For glass, Softening Point is the temperature 
at which a uniform fiber 0.55-0.75 mm in dia and 
about 9 in. long elongates 1 mm per min under its 
own weight when the upper 100 mm of its length 
are heated at 9 °F per min. Length is read each half- 
minute, and temperature (i.e., a potentiometer) 
each half-minute between length measurements. Dif- 
ference in length for each half-minute is plotted on a 
log scale against temperature, a straight line drawn 
through the points, and the temperature at which the 
curve intersects the 0.5-mm elongation line noted. 
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Solidus Temperature 


The temperature at which an alloy begins to melt 
during heating or finishes freezing during cooling. 
For pure metals, the same as the LIQUIDUS Tempera- 
ture and known simply as the MELTING Point. 


Sound Absorption Coefficient, Normal 
Incidence 


A measure of the effectiveness of a material in ab- 
sorbing sound energy. The fraction of normally in- 
cident sound energy absorbed by a material which is 
assumed to have an infinite surface. With care, this 
coefficient can be used to calculate a rough estimate 
of the Statistical sounD Absorption Coefficient which 
applies to the more usual case where sound is re- 
verberant, i.e., impinges at random incidence. 

The Normal Incidence Coefficient is determined 
(C384-56T) by means of a long rigid tube having the 
specimen mounted in one end and at the other end 
a speaker and amplifier driven by a source of sin- 
usoidal plane waves. The tube is of uniform round or 
square cross section. Sound waves of reduced ampli- 
tude are reflected by the specimen and combine with 
the incidence waves to form a standing wave pattern 
along the tube. This pattern is explored along the 
axis of the tube by a movable microphone or probe, 
the output being fed to a decibel indicator. The dif- 
ference in decibels, L, between the maximum and 
minimum pressure amplitude of the standing wave 
(“standing wave ratio”) is determined, and normal 
incidence coefficient calculated as follows: 

(logw* [L/20]) — | 
She (logw' [L/20}) +1 
Frequencies tested are generally chosen from the 
series: 125, 250, 500, etc. The coefficient can vary 
considerably depending on the method of mounting 
the specimen. This same test is used to determine 
Specific Normal AcousTic Impedance, 


Sound Absorption Coefficient, Statistical 


A measure of the effectiveness of a material in ab- 
sorbing sound energy. The fraction of incident sound 
energy absorbed by a material under conditions where 
it is subject to equal sound energy from all directions 
over a hemisphere, i.e., under reverberant sound 
conditions. Measurement is expensive and time-con- 
suming, requiring a specially constructed reverbera- 
tion chamber. As a result, this property is sometimes 
estimated from Specific Normal souND Absorption 
Coefficient or Specific Normal Acoustic Impedance. 
The Normal Coefficient is about half the Statistical 
Coefficient for very low values and approaches equal- 
ity with it at very high values. The maximum nv- 
merical difference occurs at intermediate values and 
is on the order of 0.25 to 0.35. 


Storage Factor 


The reciprocal of DISSIPATION Factor or Loss Tangent. 
Also called QUALITY Factor. 


Surface Irregularities 


A test for flat transparent plastics sheets (D637-50) 
in which the extent of surface irregularities is deter- 
mined in terms of Displacement Factor, Frequency 
(and Nature) of Image Shift, and Pattern Distance. 
The specimen is held about 12 in. in front of the 
lens of a projector with its plane perpendicular to the 
direction of projection. The sheet is moved about so 
that its entire area, except the border, is surveyed 
by the beam of light. During this movement, a ruled 
screen about 25 ft away is observed to check on the 
movement of the projected image of a cross. 
Frequency of Image Shift is reported as 1) ir- 
regular or wavy, 2) frequent, or 3) single shift. The 
maximum image movement in in. is noted, and max- 
imum Displacement Factor calculated by dividing the 


distance in ft from the projector to the screen and 
multiplying by 100. 

To measure Pattern Distance, the specimen is 
held 5 in. from the screen and moved back and forth 
parallel to the screen, the screen being observed for 
any projected images of minor irregularities. Distance 
from the screen is increased in increments of 5 in. 
until a pattern is observed. Pattern Distance is the 
maximum distance in integer multiples of 5 in. that 
the sheet can be held from the screen without pro- 
ducing 1 pattern of its minor irregularities. 

This test is useful in evaluating the quality of 
sheets used to cover openings through which visual 
and instrumental observations are to be made; it does 
not measure microscopic defects or optical perfection 
of surfaces in terms of wavelengths of light. 


Temperature-Resistance 


The relationship between a material’s temperature 
and its electrical resistance, expressed by a multi- 
value table, by a graph, by a calculated temperature 
coefficient, or by the calculated values for the con- 
stants in a standard mathematical equation. It pro- 
vides information needed for design and use of 1) 
resistance heating elements, and 2) precision resistors 
in electrical and electronic circuits. 

For resistance heating alloys (B70-56), a speci- 
men is subjected to a low current and is heated in a 
furnace to equilibrium at the highest test tempera- 
ture. Then temperature is lowered in steps of about 
212 °F, resistance being measured by applying an 
electrical potential and balancing a bridge circuit. 
Results are plotted as a curve of temperature vs 
resistance. 

For wire used in resistors (B84-52) and sheet 
used in resistor shunts (B114-45), a current is 
passed through the specimen while it is submerged 
in an oil bath. An electrical potential is applied to 
the specimen and resistance is measured first at 
room temperature, then at the highest test tempera- 
ture, and finally at several intermediate tempera- 
tures in decreasing order. Maximum temperature 
range covered by this test is about 32 to 170 F. 
Wire specimens are wound in a circular coil about 2 
in. in dia, an insulating form being used for wire 
not insulated. Temperature-Resistance can be defined 
by the values for the three constants, R» (resistance 
at 25 C), a and £ in the following equation: R; = R: 
[1 + a (t — 25) +8 (t — 25)*]. These constants may 
be found by selecting three temperatures (t) and the 
corresponding resistance (R:) values from the test 
and substituting them in the basic equation to form 
three equations that can be solved simultaneously. 
This procedure can be simplified by proper choice of 
temperatures. In addition to the constants, results 
of this test should include the temperature at which 
change in resistance with temperature is zero, if it 
is within the test range. For alloys having high 
specific resistance and low change in resistance with 
temperature over the —80 to 480 F range, results 
are preferably reported not in terms of the basic 
equation but in terms of a simple temperature co- 
efficient based on a two-step test and equivalent to 
(R: — R,)/(T: — T:); T: and T: are the lower and 
higher temperatures, and R,: and R: are the resist- 
ances at the lower and higher temperatures, respec- 
tively. For sheet used in resistor shunts, test data are 
sometimes simply plotted as a curve with temperature 
as abscissa vs % or ppm change in resistance. 


Thermal Diffusivity 


The rate at which temperature diffuses through a 
material. The ratio of Thermal conpDucTiviTy to the 
product of DENSITY and Specific HEAT, commonly ex- 
pressed in sq ft per hr. 


Thermal Expansion, Cubical Coefficient of 


The rate at which a material increases in volume 
when heated. The unit increase in volume of a mate- 
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rial per unit rise in temperature over a specified 
temperature range. The slope of the temperature- 
volume expansion curve at a specified temperature. 
The Mean Coefficient is the mean slope of this curve 
over a specified range of temperature. See also 
THERMAL Coefficient of Linear Expansion. 

For plastics (D864-52) care is necessary to ex- 
clude as much as possible the effects of moisture con- 
tent, curing, loss of plasticizer or solvent, stress 
release, etc. The specimen is a rod about 6 by % by 
% in. Its weight and volume (V,) are measured; 
then it is placed in a bulb at the lower end of a 
narrow tube, and the weight of the assembly meas- 
ured. The tube is then filled with mercury to a 
marked level and weighed again to determine the 
weight of mercury added (its volume is determined 
from its Specific Gravity). The assembly is immersed 
in a bath to a marked depth and heated, the mercury 
reading being plotted against temperature. Readings 
may be made at equilibrium in 9 or 18 °F increments, 
or at 9 °F intervals while raising temperature 
steadily at 0.9 °F per min. The curve generally has 
two straight-line portions which intersect at the 
transition point; the slope of each curve is deter- 
mined. Total mercury expansion per °F (AV,) is 
equal to the rise-temperature change slope multiplied 
by the cross-sectional area of the tube. Internal 
volume of that portion of the tube immersed in the 
hot bath is found by adding the original mercury 
volume to the volume of the specimen. The volume 
expansion of mercury per °F that can be attributed 
to mercury alone (Vm) is equal to the volume expan- 
sion assuming only mercury (i.e., internal volume 
multiplied by the difference in the cubical coefficients 
of mercury and the glass) minus the volume expan- 
sion of mercury per °F equivalent to the volume of 
the specimen (V. times the cubical coefficient of 
mercury). Thus, the volume expansion per unit vol- 
ume of the specimen per °F is equal to (AV: — Vm) 
V.. The Coefficient for plastics is commonly given at 
—22 and 86 F. 

For solid filling and treating compounds used for 
electrical insulation (D176-56T) either a True (gas- 
free) or Effective (not degassed) Coefficient may be 
determined. In general, the coefficient may be deter- 
mined simply by measuring the expansion in volume 
per unit volume that occurs between two equilibrium 
temperatures, and dividing by the temperature differ- 
ence. A correction for the cubical expansion of the 
container is often necessary. The coefficient is usually 
determined for three temperature ranges: from lowest 
temperature measured to 18 °F below SOFTENING 
Point (average coefficient for solid condition); from 
9 °F above Softening Point to 90 °F above Softening 
Point (average coefficient for liquid condition); and 
from lowest temperature measured to 90 °F above 
Softening Point (overall coefficient). 

Several methods are used. In Method A, a pre- 
cise test for low viscosity compounds such as waxes 
and petrolatums, the compound is heated in a volu- 
metric flask and the increase in volume noted at 
various temperatures. A temperature-expansion curve 
is plotted, and True or Effective Coefficient calcu- 
lated at any temperature by dividing the difference 
in volume by the original volume and the temperature 
difference. In Method B, used for asphalt and other 
high viscosity materials as well as opaque materials, 
a 250-ml cell is calibrated in volume vs temperature, 
the compound is placed in the cell, the cell weighed, 
mercury added to fill the cell, the specimen degassed, 
and the cell reweighed to determine the weight of 
mercury needed to fill it. At each temperature, the 
amount of mercury extruded out of the cell is weighed 
and its volume—equivalent to the expansion of the 
compound—calculated from its Specific Gravity and 
corrected by the cell calibration curve. This method 
determines the True Coefficient. Method C is fast 
but not highly precise. Specific Gravity is determined 
at two temperatures, and either True or Effective 


Coefficient calculated by dividing the change in Spe- 
cific Gravity by the Specific Gravity at the higher 
temperature and by the temperature difference. In 
Method E, also fast, the molten compound is poured 
into a weighed 100-ml pycnometer, and more added 
as it cools to fill the flask level. The flask is 
weighed to determine weight of compound. At each 
temperature, the amount of compound extruded from 
the flask is weighed. Either True or Effective Co- 
efficient is calculated by dividing loss in weight by 
the weight at the higher temperature and by the 
temperature difference. 

For hydrocarbon waxes (D1168-58T), the volu- 
metric capacity of a dilatometer is calibrated vs 
temperature, and the Density of glycerine vs tempera- 
ture is determined. Several void-free pieces of wax 
are placed in the dilatometer (their weight deter- 
mined by weighing before and after), glyceririe is 
added (the amount being determined by weighing 
before and after), and volume is read at a series of 
temperatures. At each test temperature, the volume 
of glycerine can be determined from its mass and its 
Density at that temperature as previously determined. 
The volume of the wax is the difference between the 
volume of the dilatometer, as determined by calibra- 
tion, and the glycerine volume. Density of the wax 
at any temperature is calculated by dividing its 
weight by the volume at that temperature. Densities 
at various temperatures are converted to Specific 
Volumes, and mean Cubical Coefficient of Thermal 
Expansion calculated by dividing the difference in 
Specific Volume at two temperatures by the difference 
in temperature. The Cubical Coefficient for the solid 
state is based on the range from the lowest test 
temperature to 18 °F below the Melting Point. The 
Cubical Coefficient for the liquid state is based on 
the range from 9 °F above the Melting Point to 
210 °F or the highest test temperature. 


Thermal Expansion, Linear Coefficient of 


The rate at which a material elongates when heated. 
The unit increase in length of a material per unit 
rise in temperature over a_ specified temperature 
range. The slope of the temperature-dilation curve 
at a specified temperature. The Mean Coefficient is 
the mean slope between two specified temperatures. 
See also Cubical Coefficient of THERMAL Expansion. 

The Coefficient is usually determined by means of 
a dilatometer, which consists essentially of a tube in 
which the specimen is placed, and an inner trans- 
mission tube which rides on the free end of the 
specimen, transmitting its displacement to a dial 
gage. 

Over a range where the coefficient is constant, 
it may be determined simply by measuring the ex- 
pansion per unit length that occurs between two equi- 
librium temperatures, and dividing by the tempera- 
ture difference. A correction for the dilation of the 
dilatometer tube is generally necessary. For greater 
accuracy or where changes in slope occur due to phase 
changes in the material, a number of readings may be 
made and temperature-dilation curves plotted. For 
oxidation resistant alloys at temperatures up to 1900 F 
(D95-39), it is common to make expansion meas- 
urements during both heating and cooling to disclose 
any lack of reversibility of dilation characteristics 
and to show the direction and magnitude of any 
permanent change in length. The specimen is %4 to 
%Ag-in. rod 4 in. long. Where information on non- 
equilibrium dilation characteristics is desired, i.e., 
dilation for practical heating or cooling rates, cumu- 
lative time is also measured and curves of time vs 
temperature and time vs dilation are plotted, enabling 
corresponding values of temperature and dilation to 
be found for each of an arbitrarily chosen series of 
times. From these coordinated values, practical tem- 
perature-dilation curves may be constructed. A 
similar specimen is used for glass (C337-57), and 
equilibrium dilation measurements are made at 32 and 





572 F. For fired whiteware ceramics (C372-56), a 
round or square rod with 0.05 to 0.2-sq in. cross 
section and 2 to 8-in. length is heated at 2 to F 
per min, measurements being made at intervals no 
greater than 90 °F. In determining the Coefficient 
for plastics (D696-44), care is necessary to exclude 
as much as possible the effects of moisture content, 
curing, loss of plasticizer or solvent, stress release, 
etc. Dilation is measured at —22 F and 86 F and 
checked by cooling back to —22 F. The same method 
is used for electrically insulating sheet and plate 
(D229-58). 

An interferometric method is also used for fired 
whiteware ceramics at temperatures below 1900 F 
(C327-56). A specimen is arranged as a *j,-in.-high 
tripod using either projecting parts of the same 
material or three separate fragments, the three legs 
being ground to equal length. The specimen is placed 
between fused silica interferometer plates in the fur- 
nace and heated about F per min. At each tem- 
perature reading, linear thermal expansion in % is 
equal to (n 4/200 h) A. where n is the number of 
fringes passing the reference point during that change 
in temperature, A is the wavelength in » of the light 
source, h is the starting height of the specimen in 
em, and A. is the air correction between the two 
temperatures in % (given in a table). 
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Therma! Resistance 


See Thermal TRANSMITTANCE. 


Thermoelectric Pewer 


The ability of a metal to develop an electromotive 
force when in contact with a dissimilar metal and 
subjected to a thermal gradient. In B77-33, the emf 
developed by a metal with respect to copper per °C 
of temperature difference between the junctions. A 
sheet, ribbon or wire of the metal is soldered, brazed 
or welded to copper leads at each end, the two junc 
tions held at temperatures differing by at least 
35-40 °F (two oil baths are sometimes used), and the 
generated emf measured by connecting the leads to 
an appropriate electrical circuit. Thermoelectric 
power in mv per °F C is equal to the emf divided 
by the temperature difference. Polarity is reported 
if the of current flow from the 
higher temperature the lower temperature, nega 
tive if the 


or 


positive direction is 
to 


reverse. 


Transmissive Diffusion Value 


See DIFFUSION Value. 


Transmittance, Diffuse 


The ratio of light scattered by a material to the light 
incident on it. The ratio depends on the spectral 
distribution of the incident energy. See HAZE. The 
analogous spectral ratio is Diffuse Luminous TRANsS- 
MITTANCE, 


Transmittance, Diffuse Luminous 


The ratio of the light scattered by a material to the 
light incident on it. For transparent plastics having 
less than 30% Haze, Diffuse Luminous Transmittance 
is measured in determining HAZE. 


Transmittance, Luminous 


The ratio of the light transmitted by a material to 
the light incident on it. Calculated from spectral trans- 
mittance and spectral luminosity (see COLOR), it is a 
function of the spectral distribution of the incident 
light energy. In the test for HAZE, it is called Total 
Luminous Transmittance to distinguish it from its 
diffuse component, Diffuse Luminous Transmittance. 


Transmittance, Thermal 


The rate at which heat is transmitted through a 
material by combined conduction, convention and ra- 


diation. The overall coefficient of heat transfer. A 
term used particularly for textile fabrics and batting 
where the heat transfer between opposite surfaces 
is not confined to conduction. For solid materials, 
Thermal CONDUCTIVITY a measure of Thermal 
Transmittance. 

Thermal Transmittance is measured by the 
“guarded hot plate” method (D1518-57T). The spe- 
cimen is placed on a hot plate which is brought to 
the specified temperature under a hood. A specified 
humidity and “low” temperature are maintained above 
the specimen, a guard ring around the hot plate 
serving to prevent side flow of heat. After equi- 
librium, measurements of test plate temperature, test 
plate heater wattage, and air temperature above the 
specimen are made at 10-min intervals for 30 min. 
The test is repeated with the hot plate uncovered. 
The combined transmittance coefficient of specimen 
and air in Btu/hbr/sq ft/°F is equal to the power loss 
from the test plate in Btu per hr divided by area 
of the plate in sq ft and temperature difference in 
F between the test plate and the air. The trans- 
mittance coefficient of the bare plate calculated 
the same way. Effective Insulation Ratio is equal te 
the bare plate transmittance coefficient divided by 
the combined coefficient for fabric and air. The recip- 
rocal of the Intrinsic Transmittance Coefficient of 
the fabric alone is equal to the difference of the re- 
ciprocals of the two calculated coefficients; thus In- 
trinsic Transmittance Coefficient (“U.” or “C”) of 
the fabric alone is equal to the product of the two 
coefficients divided by their difference. Intrinsic 
Transmittance Coefficient is multiplied by fabric 
thickness in in. to obtain the Specific Conductivity 
Coefficient (k) or thickness in ft to obtain the 
Conductivity Coefficient (K); and its reciprocal is 
Intrinsic Thermal Resistance Coefficient. Intrinsic 
Thermal Resistance in clos is 1.137/U:; Specific Ther- 
mal Resistance in clos is 1.137/k. 

The method is restricted to materials for which 
the Intrinsic Transmittance Coefficient lies between 
0.125 and 2.5 Btu/hr/sq ft/°F. 


1S 
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Transmittance, Total 


The ratio of light transmitted by a material to the 
light incident on it. The ratio depends on the spectral 
distribution of the incident light energy. See HAZE. 
The analogous spectral ratio Luminous TRANS- 
MITTANCE. 


iS 


Transmission Factor, Diffuse Light 
See DIFFUSE Light Transmission Factor. 


Voltage Ratio 


An alternate term for Surface BREAKDOWN Ratio. 


Volume, Specific 


w 


The reciprocal of DENSITY. 


ettability, Surface 

A test for the wettability of paper (D724-45). It 
measures Initial Wettability and Rate of Change in 
Wettability. A piece of paper % by 4 in. is placed 
on the slide of the stage of a projector. A drop of the 
liquid is placed on the specimen with a hypodermic, 
and the image projected on a glass screen on which 
is clamped a sheet of transparent paper. A horizontal 
line is drawn on the paper coinciding with the image 
of the base of the drop, and when the specified time 
of contact has elapsed, two tangents are quickly 
drawn to the curve at the two points of contact with 
the base line. Angle of Contact is the average of the 
interior angles between the base line and the two 
tangents. Angle of Contact after 5 sec of contact is 
known as Initial Wettability. Rate of Change in 
Wettability in deg per sec is determined by meas- 
uring Angle of Contact after 5 and 60 sec and divid- 
ing the difference by 55. 
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Dow Corning 


SILICONE NEWS 


for design and development engineers 
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ANNOUNCING A 
NEW SILICONE GEL 


A new silicone, that’s supplied in fluid 
state, can readily be converted to a 
stable gel. Recently made available by 
Dow Corning, this new silicone holds 
much promise as a new engineering 
material. Typical properties include 
transparency, heat stability, resiliency, 
high moisture resistance. 


A versatile new silicone, Dow Corning 
Dielectric Gel has unlimited possibilities 
for sealing, filling and potting; as a sus- 
pension medium; for vibration damping; 
for impregnating capacitors, magnetic 
amplifiers and other devices; and a variety 
of other design possibilities . . . you name 
the application, and weigh the advantages 
that this new silicone can provide. 


Developed primarily as a potting mate- 
rial for electronic parts, Dielectric Gel has 
these unique characteristics. Supplied as a 
water-white fluid with the viscosity of 
molasses, it pours easily and flows readily 
around the most intricate parts. It sets up 
in 48 hours, or can be gelled in 30 minutes 
with moderate heating. The result is a 
transparent, resilient gel with good di- 
electric strength, high moisture resistance 


and excellent thermal stability. Subse- 
quent heating will not liquify the gel. Like 
other silicone fluids and compounds, 
Dielectric Gel retains its physical and di- 
electric properties over a wide operating 
temperature span. 

Used as a dielectric for filling and potting 
electrical and assemblies, the 
gel’s unusual transparency allows visual 
checks of a potted circuitry, (Cont. pg. 2) 


electronic 
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TAMING “HOT” MISSILE FUEL 


One of the challenges facing designers 
of missile launching equipment is the 
development of practical ways to handle 
“hot” fuels and oxidizers such as 90% 
concentrated hydrogen peroxide. Here’s 
how Silastic®, the Dow Corning silicone 
rubber, helped solve this problem: 


In its concentrated form, hydrogen per- 
oxide is one of the powerful chemicals 
developed for oxidation or direct propul- 
sion of rockets and missiles. This chemical 
reacts so violently in contact with organic 
materials, however, that finding a suitable 
means of transferring it from aluminum 
or ceramic storage tanks to missiles on 
their launching pads posed a_ stubborn 
problem. The concentrated peroxide de- 


TAPES THAT STICK 
Dow Corning silicone pressure sensitive 
adhesives make tapes stick to anything. 
They achieve a strong, iong lasting grip and 
maintain the desirable properties that char- 
acterize silicones — serviceability over a 
wide range of temperatures; resistance to 
oxidation, weathering, corrosive chemicals; 
water repellency; and retention of good 
dielectric properties. For complete design 
data on the unique insulating, bonding and 
sealing abilities of tapes made with Dow 
Corning silicone adhesives, and their appli- 
cations, circle 





composed so rapidly in contact with con- 
ventional flexible hose that it generated 
explosive forces equal to 34 an equivalent 
amount of nitroglycerine. 


Hewitt-Robins, Stamford, Conn., solved the 
problem with hose made of Silastic, the 
Dow Corning silicone rubber. Silastic 
makes it possible to transfer and handle 
the peroxide fuel without contamination 
or change of concentration. Hewitt-Robins 
combines the properties of 
Dacron fabric and Silastic by selectively 
fabricating these two materials in a highly 
flexible hose having a burst strength ex- 
ceeding 600 pounds. The hose is fabri- 
cated in diameters up to 6 inches and in 
lengths up to 50 feet. Easy to handle, reel, 
and store, this hose is currently used by 
the Navy, Army, and Air Force, for 
handling and transferring concentrated 
peroxide liquid propellants. 


desirable 


The section of hose shown is 6” ID heavy 
duty suction and discharge type believed to 
be the largest silicone rubber hose built, 
capable of 600 psi burst and more than 
20,000 pounds tension. 


Silastic offers other desirable properties 
that make it practical under adverse con- 
ditions. One example, Silastic can with- 
stand long term exposure to temperatures 
as high as 500F and remains serviceable 


at temperatures aslowas—130F. No. 643 
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REDUCE DOWNTIME IN THE PITS 


motors keep 
production moving the 
adverse operating conditions found in 
Proof is the exceptional 


Silicone insulated drive 


even under 
mines. 
reliability of silicone insulated electri- 
cal mining produced by 
Goodman Manufacturing Co., Chicago. 


coal 


machinery 


Best way to design for reduced downtime, 
Goodman engineers have found, is to insu- 
late electrical drive motors for their min- 
ing equipment with Dow Corning Sili- 
cones. Used in coal, gypsum, potash, and 
other mining operations, Goodman equip- 
ment is powered with silicone insulated 
motors to assure the extra overload capac- 
ity needed for long life . . . dependable, 


easy, safe operation. 


Take their new four-wheel drive “584” 
shuttle car, for example. It’s powered by 
440 volt, 3 phase, 60-cycle current through 
a cable 20-hp_ traction 


reel to motors 
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located between the wheels on each side. 
Each of the two motors drives a front 
and rear wheel through drive shafts, a gear 
reducer and differential. 





At high speed, the motors operate at 1750 
rpm and are rated 75C rise at full load 

. at low speed, motor rpm is 875, tem- 
120C. Silicone insulation 
operation of these per- 


perature rise, 
permits efficient 
missible type a-c traction motors at over- 
loads that push motor temperatures above 
Variations in 
speed are without 
controlled clutches and torque converters. 


rated Centigrade rise. car 


obtained electrically 


Designed for continuous, uninterrupted 
service, these shuttle cars must have ade- 
quate speed to effect quick trip transfer 
of loads from the working area to the 
transportation system. Drive motors “must 
be built for rugged service” say Goodman 
engineers in specifying Dow Corning sili- 
No. 645 


cone insulation 





(Continued) 


DIELECTRIC GEL 


and permits test probes to be accurately 
directed to connections for instrument 
checks. Self-healing, the gel automatically 
seals punctures when probes are withdrawn. 


Dielectric Gel is highly resilient. It exerts 


no stress on delicate parts either during 
or after cure, and will not damage sensitive 
parts as a result of fluctuating tempera- 
tures — a problem with rigid potting ma- 
terials. What’s more, the gel provides 
potted parts with excellent protection 
against shock and vibration. No. 646 


new literature 
and technical data 
on silicones 


Design Material Selector—Arranged as a mate- 
rials selection guide, an 8-page reprint from 
Electronic Design lists solutions to each of more 
than a dozen problems confronting designers of 
electrical equipment. This reprint is a guide to 
data on specific silicone products that help elec- 
tronic systems meet a wide range of service con- 
ditions and assure longer, more reliable perform- 
ance demanded of today’s equipment. No. 647 


Specifying Problem—Economical, strong, light- 
weight, dielectric materials made from silicone 
molding compounds may be the answer to your 
specifying problems. Parts and structural com- 
ponents molded from Dow Corning silicone mold- 
ing compounds give excellent service despite such 
environmental conditions as moisture, heat, cor- 
rosion and fungus. The typical properties and 
performances offered by silicone molding com- 
pounds are compiled in a brochure. No. 648 


. 


Voids Avoided — Self-adhering Guide Line tri- 
angular tape made from Silastic, the Dow Corn- 
ing silicone rubber, is ideal for insulating form 
wound coils of motors and generators. Because it 
bonds into a homogeneous insulation wall, flex- 
ible Guide Line tape can eliminate voids without 
the use of filling materials. Also good for insu- 
lating connections and terminals, triangular tape’s 
shape permits easy and economical processing, 
assures uniform insulation wall thickness. A 
recent reprint from Insulation magazine gives 


full details. No. 649 
i 


Design Versatility — 
Lightweight, strong, in- 
ert, and easy to fabri- 
cate, silicone-glass lam- 
inates are used in the 
design and manufacture 
of a variety of con- 
sumer and industrial 
products. Applications, 
tables of physical and 
dielectric properties, il- 
lustrations of various 
parts, and sources of silicone-glass laminate parts 
are included in a 4-page brochure. No. 650 





A Lubricant Manual presents some of the more 
important aspects of the selection of the most 
suitable oils or greases for instrument ball bear- 
ings. Portions are devoted to military specifica- 
tions applicable to miniature instrument bearing 
lubricating, and special attention is given to 
lubricants with special properties. An invaluable 
reference work for your design files. No. 651 
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Diffusion Coatings 


A large number of elements can be diffused into 
the surface of metals to improve their hardness 
and resistance to wear, corrosion and oxidation. 
Diffusion coatings (sometimes called cementation 
coatings) are applied by heating the base metal 
in an atmosphere of the coating material, which 
diffuses into the metal. 


Calorized 


Aluminum (calorized) coatings are applied by 
diffusion to carbon and alloy steels to improve their 
resistance to high temperature oxidation. They can 
be applied by treating the metal in a powdered 
aluminum compound or in aluminum chloride vapor, 
or by spraying the aluminum on and subsequently 
heat treating it. The alloy coating formed (about 
25% aluminum) protects the metal by sealing it 
from the surrounding air. The coatings range in 
depth from 5 to 40 mils and permit parts to remain 
serviceable for many years at temperatures up to 
1400 F. They have also been used for intermittent 
exposure as high as 1700 F. Typical high temper- 
ature uses are chemical and metal processing pots, 
bolts, air heater tubes, and parts for furnaces, steam 
superheaters and oil and gas polymerizers. 


Carburized 


Carburizing allows steels to retain high internal 
strength and toughness and at the same time have 
high surface hardness. The hardened surface is 
produced by introducing carbon into a steel surface 
by heating the metal above the transformation temp- 
erature while it is in contact with a carbonaceous 
material which may be a solid, gas or liquid. 

In general, carburizing is limited to steels low 
enough in carbon (below about 0.45%) to take up 
that element readily. Plain carbon steels are gen- 
erally used if surface hardness is the principal re- 
quirement and core properties are not too critical. 
Alloy steels must usually be used if high strength 
and toughness are needed in the core. Typical ap- 
plications are gears, cams, pawls, racks and shafts. 


Chromized 


Chromizing is the process of diffusing chromium 
into ferrous metals to improve their resistance to 
corrosion, heat and wear. Typical of the chromizing 
methods that have been developed is one in which 
the parts to be treated are packed in a proprietary 
powdered chromium compound and heated to 1500 
to 1900 F. This method produces a high chromium- 
iron alloy on ferrous metals with a low carbon con- 
tent. The case (3 mils thick) exhibits good resist- 
ance to scaling and corrosion at high temperatures. 
A chromium carbide case is produced on high carbon 
materials such as cast iron, iron powder, tool steel 
and plain carbon steels containing over 0.40% car- 
bon. This case (% to 2 mils thick) has a hardness 
of 1600 to 1800 VPN. 


Cyanided, Carbonitrided 


Both cyaniding and carbonitriding produce a hard 
and wear resistant surface on low carbon steels. 
Both methods cause catbon and nitrogen to diffuse 
into the surface of the base metal. The case devel- 
oped has high hardness after quenching. The meth- 
ods differ in that a liquid bath is used in cyaniding, 
whereas a gas atmosphere is used in carbonitriding. 

In general, cyaniding and carbonitriding are used 
with the same base metals and for the same applica- 
tions as carburizing. Warpage is usually less serious 
than in carburizing. Quenching is usually required 


€ For more information, circle No. 501 


for full hardness but file hardness can be obtained 
without quenching. 


Nickel-Phosphorus Coated 

With some exceptions, nickel-phosphorus coatings 
can be roughly classified as diffusion coatings. The 
coatings are prepared from nickel oxide, dibasic 
ammonium phosphate and water, and are applied 
to ferrous surfaces just like a paint. Subsequent 
heat treatment in a controlled atmosphere produces 
coatings with a degree of corrosion resistance ap- 
proaching that of stainless steel and the high nickel 
alloys. The coatings have little porosity and high 
resistance to heat and abrasion. 


Nitrided 

Nitriding is a means of improving wear resist- 
ance. In the most widely used process, steel is ex- 
posed to gaseous ammonia at a temperature (about 
1000 F) suitable for the formation of metallic 
nitrides. The hardest cases are obtained with alu- 
minum-bearing steels such as the Nitralloys. Where 
lower hardness is acceptable, steels containing no 
aluminum, such as medium carbon steels containing 
chromium and molybdenum, can be used. 

Stainless steels can also be case hardened by ni- 
triding (e.g., Malcolmizing). Straight chromium 
steels are more readily nitrided than nickel-chro- 
mium steels, although both are used. Too! steels 
can also be given a thin hard case. 

Nitriding produces minimum distortion. Some 
growth occurs, but this can be allowed for. In 
general, nitriding is used for the same applications 
as carburizing. 

Sherardized 

Sherardizing is the process of applying zinc coat- 
ings to ferrous and nonferrous metals to improve 
their corrosion resistance. The coatings are applied 
by heating parts in a zinc powder at 650 to 700 F 
for 3 to 12 hr. 

Sherardized zinc coatings are not as protective 
as plated or hot dip zinc coatings; however, they 
can be applied in more uniform thicknesses. Ordi- 
narily, they are quite satisfactory for mild atmos- 
pheres. Principal applications are small steel parts 
such as nuts, bolts and washers, or castings that 
must resist atmospheric corrosion. 


Siliconized 


Substantial improvements in the wear resistance 
and hardness of steel and iron parts can be obtained 
by impregnating with silicon (about 14%). The 
most wear resistant cases are formed on low carbon, 
low sulfur steels. High carbon, low sulfur steels 
can also be impregnated, although treatment time 
is longer. White and malleable iron can also be 
siliconized; siliconizing of gray irons is not recom- 
mended. 

The case of a siliconized surface (about 5 to 10 
mils) is rather brittle, hardness varying from 
Rockwell B80 to B85. Siliconized sufaces are 
virtually nongalling and are especially effective in 
resisting combined wear and corrosion. 
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When you buy 


aluminum for your 


product. 2, 


for custom service 


check with 


Lawn mowers 


Trains 


Reflective sheeting on aluminum 


ANACONDA ALUMINUM 


Your product and scheduling requirements become 
the dictates of every Anaconda Aluminum specialist 
the minute your order is written. Their follow- 
through is what we call custom service. 

Because of the extreme flexibility designed into 
all Anaconda Aluminum’s modern production facil- 
ities, your order—large or small—is scheduled 
promptly, shipped on time. Every order receives the 
personalized attention of experienced aluminum 
craftsmen throughout production— added assur- 


Every industry has one member 
who specializes in customer satisfaction 


ANACONDA ALUMINUM COMPANY . 


GENERAL OFFICES, 


ance that precision controls maintain your critical 
specifications. 

In addition to the satisfaction of such custom- 
shop service, Anaconda Aluminum gives you all the 
advantages of integrated production with a full range 
of products—pig and ingot, coiled and flat sheet, rod, 
bar, structurals, tubular and other extruded shapes. 
For custom service on your next order, call your 
Anaconda Aluminum representative, or write our 
General Offices, Depi. D-6, Louisville 1, Kentucky. 


NACONDA 
LUMINUM 


LOUISVILLE, KENTUCKY 


For more information, turn to Reader Service card, circle No. 366 
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Thanks to small palladium additions . . . 


Titanium Alloys Resist Reducing Acids 


BOne of the major reasons for 
titanium’s popularity in the proc- 
ess industries is its excellent re- 
sistance to highly oxidizing en- 
vironments such as boiling nitric 
acid. One of its major drawbacks 
has been its lack of resistance to 
reducing environments such as 
hydrochloric acid. Thanks to a 
new discovery, however, titanium 
alloys are now being made which 
are resistant to both oxidizing 
and reducing acids. 

According to Union Carbide 
Metals Co., Div. of Union Car- 
bide Corp., the addition of as 


little as 0.1% palladium increases 
titanium’s resistance to corrosion 
from reducing acids from more 
than 1 ipy to less than 0.01 ipy. 
This improvement can also be 
achieved with small additions of 
most of the other noble metals— 
platinum, rhenium, ruthenium, 
iridium, osmium, rhodium and 
gold. The noble metal additions 
have no effect on the mechanical 
properties or fabricability of tita- 
nium. 

According to Dr. Milton Stern 
of the Metals Research Labora- 
tories, here’s how the noble metal 


addition makes titanium more re- 
sistant to reducing acids: A noble 
metal is essentially insoluble in 
the corrosive environment and 
has a high exchange current for 
the hydrogen ion reduction proc- 
ess. When added to titanium, the 
noble metal appears at the sur- 
face of the alloy, creates a bi- 
electrode (galvanic couple), and 
serves as a site with a low hydro- 
gen overvoltage. This results in 
passivity and a marked decrease 
in the rate of corrosion. Only 
one atom of palladium is needed 
for every 2,000 atoms in the alloy. 





Rocket nozzle made of Glasrock 
fused silica glows with heat after 
being fired from special launching 


pad in simulated test. 


Fused Silica Shapes Have 
Good Thermal Shock Resistance 


@Crack-free, self-supporting 
fused silica shapes in sizes up to 
6 ft square by 11 in. thick are 
produced by new forming and 
bonding techniques, details of 
which have not revealed. 
One of the outstanding properties 
of the silica shapes is their good 
thermal shock resistance—they 
can be heated to 2000 F and rap- 
idly cooled to room temperature 
without cracking. 

The producer, Glasrock Corp., 
1101 Glidden St. NW, Atlanta, 
Ga., says, “Much larger pieces 
are contemplated in the near fu- 
ture, and there seems to be no 


been 


practical limit to sizes that can 
be produced by the new forming 
and bonding techniques.” Start- 
ing material for the fused silica 
shapes is 99.9% pure silica sand. 
The sand is melted into silica 
glass, then crushed, ground and 
fabricated into the silica shapes 
called Glasrock. 
Potential uses 

According to the producer, the 
fused silica shapes have potential 
use in the following applications: 

1. Permanent molds for iron, 
steel and other metals. 

2. One-piece furnace hearths 
and car tops that can be exposed 
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Fused silica shapes made by a new fabricating technique. 


to temperatures up to 2000 F. 

3. One-piece, self - supporting 
sides, roofs and removable ends 
for furnaces and kilns operating 
at temperatures up to 3000 F. 

4. Nose cones for missiles and 
rockets. 

5. Fixtures and containers for 
use in furnaces operating at tem- 
peratures below 2000 F. 

6. Burner rings, ladles and cru- 
cibles for induction melting. 

7. Piping for molten metals. 

Nuclear and chemical applica- 
tions for fused silica shapes are 
presently being investigated. (For 
information on other uses of 
fused silica, see M/DE, Feb ’57, 
p 106.) 
Properties 

Thermal 
Fused silica shapes remain whole 
through numerous immersions in 


shock resistance 


molten iron with alternate cooling 
to near room temperature. It ap- 
pears that if one cycle will not 
start cracking, neither will re- 
peated cycles at the same time 
and temperature. If a fused silica 
shape does crack, it is necessary 
to heat the shape to a tempera- 
ture of about 500 F to c'ose up 
most of the cracks. 

Thermal conductivity Glas- 
rock shapes made of coarse mate- 
rial have a thermal conductivity 
of more than 6 Btu/hr/sq ft/°F 

ft at 1000 F, whereas shapes 
made of finer grain material have 
a thermal conductivity of less 
than 3 at 200 F. 

Chemical  resistance—Prelimi- 
nary tests show fused silica shapes 
resistance to most 
resistance to 


have good 
acids, and fair 


alkalis 


PROPERTIES OF GLASROCK 





PHYSICAL PROPERTIES 
Density, Ib/cu in. 
Slip Castings. 
Aggregate Castings 
Porous Castings 
Color. 
Luster : 
Crystal Structure 
Porosity, % 
Slip Castings 
Aggregate Castings 
Porous Castings 
Firing Shrinkage, % 
Slip Castings 
Aggregate Castings 
Firing Temperature, F 
Melting Point, F 


MECHANICAL PROPERTIES 
Ten Str (slip castings), psi 
Compressive Strength, psi 

Slip Castings 
Aggregate Castings 
Modulus of Rupture, psi 

Slip Castings 
Aggregate Castings 
Mohs Hardness 
Max Operating Temp, F 
Continuous 
Cyclic. . 


ELECTRICAL PROPERTIES 

Dielectric Constant (1 mc)* 
Room Temperature scenes aue 
1500 F .. 3.18 
2000 F..... 3.28 
2500 F.... 3.42 

Loss Factor (1 mc)* 
Room Temperature 
1500 F 0.0006 
2000 F we .0.007 
2500 F 0.012 


0.0002 





aTests performed on slip castings by Melpar, 
Inc. 





First Successful Large Beryllium Forging 
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@ Shown in the photo at left is 
what is said to be the first large 
beryllium part ever forged. This 
development is important because 
it eliminates the two major ob- 
stacles to beryllium’s use as a 
structural engineering material 
brittle behavior and lack of pro- 
ducibility. 

According to Wyman-Gordon 
Co., the closed-die forging tech- 
nique 1) increases_ beryllium’s 
ductility and isotropy to the level 
of that of the strong aluminum 
alloys; and 2) produces large 
shapes that require a minimum 
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of machining (previously, parts 
had to be machined from rough 
blocks). 

The use of beryllium in struc- 
tural applications is important 
because it offers an excellent com- 
bination of properties: light 
weight (about the same density 
as magnesium), good modulus of 
elasticity (about 14% times that 
of steel), excellent § strength- 
weight ratio, good corrosion 
resistance, low thermal-neutron- 
absorption cross section, and re- 
sistance to high and low tempera- 
tures. 





Aluminum Alloy Resists 600 F 


@A new aluminum alloy which rently being used for elevated 
is said to offer good strength at temperature service. In addition, 
temperatures up to 600 F has the alloy is said to be highly re- 
been developed by Aluminum Co. sistant to stress corrosion crack- 
of America. The new alloy is ing. Room and elevated tempera- 
designated X2219-T6 and is avail- ture tensile properties are given 
able in experimental quantities in in the accompanying table. 

the form of sheet, plate, extru- 
sions and forgings. The alloy is 
expected to prove useful in spe- 


‘ : ; , ‘ TENSILE PROPERTIES OF X2219-T6 EXTRUSIONS: 
cial applications in high speed 





aircraft, missiles and space ve- 
Tensile Strength, Yield Strength Elongation, 


hicles. (0.2% offset), 1000 psi | % 
Composition and properties 

Alloy X2219-T6 contains 6.0 
copper, 0.30 manganese, 0.10 va- Temperature # Trans Long. Trans | Long. 





nadium and 0.15% zirconium. In 
the solution heat treated and aged Tenet Seetien 

ne sade ae 5 Rm Temp 62.0 61.2 | 43.6 40.3 15.0 
condition, extrusions of the new 300 F 53.3 51.3 38.7 37.4 15.0 
alloy offer good tensile, stress-rup- 400 F... 41.9 40.2 | 33.6 32.6 18.0 
ture and fatigue properties at ele- 500 F. ' 28.3 28 | 222 21.2 21.0 
vated temperatures. After 100 hr THIN SECTION 
at 600 F, for example, tensile Rm Temp 63.1 446 | 8.8 
properties of X2219-T6 are about 400 F. 37.7 31.0 , 16.0 
twice as good as those of alloy 500 F. 27.8 24.4 | 16.0 
2024-T6, the aluminum alloy cur- aElevated temperature values were measured after 100-hr exposure at temperature. 











Welded Honeycomb 
Is Strong, Lightweight 


by J. R. Campbell, Consultant 
John J. Foster Mfg. Co. 


MA resistance welded honeycomb structure called 
Stresskin (see Fig 1) may replace brazed and adhe- 
sive bonded honeycomb structures in a number of 
industrial and commercial applications. 

Fig 1—Stresskin honeycomb structure. Advantages of the welded construction are: 1) it 
is light in weight; 2) it contains no contaminating 
materials; 3) it has high strength and good heat 
resistance; 4) it is made to close dimensional toler- 
ances; and 5) it requires no machining or trimming 
as is often the case with brazed honeycomb 
structures. 

Honeycomb core 

The basic element of the construction is a flanged 
honeycomb core called Stress/Core (see Fig 2). The 
thin upper and lower edges of the core cells are 


Fig 2—Flanged honeycomb core. formed into a reinforcing flange at right angles 
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Fig 3—Automatic press turns out 
flanged and corrugated metal strip 
used in Stresskin honeycomb struc- 


tures. 


The core 
corrugated 
metal strip similar to that shown 
in Fig 3. The flange, approxi- 
mately 0.04 in, provides 
sufficient contact area so that the 
metal core can be welded directly 
to facing materials. The flange 
adds no appreciable weight to the 
core as compared to the weight 


to the core cell walls. 


cells are made of 


wide, 


of flux and brazing alloys used in 
brazed honeycomb structures. 

To date cores have been made 
from types 301, 302, 321 and 17-7 
Experimental 
cores have been made from tan- 
talum, titanium, and 2618 and 
2020 aluminum alloys. 


PH stainless steels. 


How structure is made 

The honeycomb structure is 
fabricated in one operation by a 
technique in 
welding 


resistance welding 


which two heads are 
used, one for flange welding and 
the other for 
fabricating, flanged 
first welded one at a time to face 


(continued on Pp 120) 


node welding. In 


strips are 


Mr. Campbell, the author, was given an 
Award of Merit in M/DE’s 1958-59 Awards 
Competition for Best Use of Materials in 
Product Design for the welded honeycomb 
discussed in this article. (For more infor- 
Awards 


mation on the Competition,  se« 


M/DE, May °59, p 121.) 


Fig 4—Special flange welding head joins flanged strips one at a time to face 


sheets. 


we ld 


the 


nodes together. 


This welding head then retracts and a node welding head moves in to 


Fig S—Resistance welding machine in which Stresskin honeycomb structures 
are fabricated into a finished product in one operation. 








MORE WHAT’S NEW IN MATERIALS 


One-part epoxy resin for 
electrical parts 120 
Aluminum alloy for 
structural applications. . 122 
Epoxy resins useful for 
adhesives, tools........ 124 
Cupro-nickel alloys sold 
as sheet, strip 


Adhesive, sheeting for 
vinyl-metal laminates. . 
Large synthetic sapphire. 
Asbestos, TFE resin 
resist liquid oxygen.... 
Quick spot test for 
polyurethane foams.... 
Meta-ether lubricants 
useful up to 1000 F.... 
Vinyl plastisol shapes... . 
Hardening, brightening 
steel simultaneously... 


Transparent silicone for 

potting applications.... 138 
Hydrogen does not 

embrittle aluminum.... 142 
Inspecting thick steel.... 144 
Synthetic felts used 

for filtration ee 


Tungsten alloys for 
metal powder parts.... 
Nylon pressure tubing.... 


Colored silicones for 
potting, encapsulating. . 
Boron stainless steel 


Thermoelectric used 

from 850 to 1500 F.... 
Glass-coated ductile iron. . 
Rigid urethane foam 
Cork-silicone gaskets. .... 
Polyester-treated wood... 
Paper-base laminates... .. 


Aluminum nitride resists 
molten metals......... 
Color coded laminates... 
Beryllium oxide parts.... 
Vinyl fluoride film 
Polyethylene foam 
Polyester resin 
Testing glass-coated steel 
Process for making 
glass-plastics parts..... 
Electrical insulation 
Sisal-filled phenolics 
molded into large parts 180 
Other news. . 
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UPDATE 


your Riehle Testing Machine 
reference file... 


To help you expand your testing : ) RIEHLE | 
machine reference file, several Tenner re a 
additional* bulletins recently have 
been included in the Riehle collection 
of technical information. Simply 


check the list below, clip it to your 


letterhead, and we'll promptly 


i t. There [J 
send the literature you reques ere § 2 RIEHLE 


CONSTRUCTION MATERIALS 


is no obligation. 
TESTING MACHINES 








|] *The Charpy Impact Machine and Procedure [| Portable Hardness Testers 


for | i Testing Ch V-Notch 
Cit tpocteoe — ee = _] *Hardness Conversion Chart for Hardened 
Steels 


Universal Hydraulic Testing Machines and aie 
Accessories | Cable and Wire Testers 


Universal Screw Power Testing Machines and [| Horizontal Tensile Testing Machines 


arenas *An Axial Loading Creep Machine 


Construction Materials Testing Machines and 


Accessories _] Impact Testing Machines 


L} Torsion Testing Machines J Testing Machines Guide 


L] *Glossary of Terms Representing Mechanical Riehle Recorder and Accessories 


__ Properties and Tests |] Handsome wall plaque, reading: “One Test is 
L] Creep and Stress-Rupture Testing Machines Worth a Thousand Expert Opinions." ™ 


(] Losenhausen Fatigue Testing Machines 


L] *Newly Introduced Fatigue Testing Machines R ’ h ® 
{] Riehle Electro-Balanced Indicator Unit ie e T Tl 
(] Brinell Hardness Testers ESTING MACHINES 


[] Vickers Hardness Testers 





A DIVISION OF 


American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 





Unique Fabrication Shows Vorsatility 
of 


VAN-COR PVC 














Production Etcher for Printed Circuits, made 
by Centre Circuits, Inc., State College, Pa 


To resist acid corrosion, this etcher is primarily made of 
Van-Cor PVC pipe, fittings, (standard and specially machined), 
valves, sheet (transparent and regular), and joining strips. 
HOW CAN VAN-COR SERVE YOU? 

Van-Cor PVC has many applications for plant use, or in your 
end product. It is ideal for plating equipment, filters, flux spray 
booths, chemical treatments, bleaching operations, glass polish- 
ing, and corrosive fume handling in general. 


ADVANTAGES OF VAN-COR 


1. Resists Corrosion of Industrial Acids & Alkalies 
2. Light in Weight (% that of Aluminum) 
3. Easily Installed; High Tensile Strength; Low Flow Resistance 
4. Readily Formed, Machined, Threaded and Welded 
Write for Catalog and Name of Nearest Distributor 


a 


Fittings 


INDUSTRIAL DIVISION OF... 


COLONIAL PLASTICS MFG. CO. 
Subsidiary of THE VAN DORN IRON WORKS CO. 
2685 EAST 79TH STREET CLEVELAND 4, OHIO 


For more information, turn to Reader Service card, circle No. 367 
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sheets (see Fig 4). The flange weld- 
ing head is then retracted and the 
node welding head moves in to weld 
the nodes to each other after each 
strip has been welded to face sheets. 
Flange welds are spaced approxi- 
mately 0.030 in. apart and node welds 
0.050 in. The entire welding process 
is continuous and takes place on a 
machine similar to the one shown 
in Fig 5. At present, it takes about 
45 sec to weld a 4-ft core strip to 
face sheets and to each other. 

Involved inspection procedures 
commonly used in the manufacture 
of brazed or adhesive bonded struc- 
tures are not required in the manu- 
facture of Stresskin structures. A 
specially developed electronic weld 
pulse control is used to detect and 
correct imperfections at any stage 
of manufacture. As a result, inspec- 
tion costs are drastically reduced. 
Properties and uses 

Tests on Stresskin honeycomb 
structures are not yet complete. 
However, peel tests show that the 
resistance welded bond between fac- 
ing and core is sufficient to tear the 
core. 

The small amount of heat involved 
in manufacturing does not affect the 
tensile strength and other properties 
of metals used in Stresskin honey- 
comb structures. Thus, the reten- 
tion of tensile strength should make 
Stresskin structures particularly 
useful at high temperatures. 

Probably one of the biggest uses 
of Stresskin honeycomb structures 
will be in aircraft structural parts 
such as wing structures, fuselage 
sections, fins, vanes and instrument 
cabinets. Some airframe manufac- 
turers are now being supplied with 
the honeycomb structures on a lim- 
ited basis. The resistance welded 
honeycomb is also expected to find 
use as a_ structural material in 
missiles. 


One-Part Epoxy Resin 
for Electrical Parts 


A one-part epoxy molding powder 
has been developed that has good 
electrical properties at high tem- 
peratures, good dimensional stabil- 
ity, low mold shrinkage, and long 
storage life. The material is called 
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Boring into the Heat Barrier 


| high centrifugal forces, plus prolonged operation well 
above 1700 deg. F.! That’s the achievement of thousands 
of jet engine turbine wheels and blades investment-cast of HAYNES 
high-temperature alloys. 

Resistance to stress, to thermal shock, to erosion, corrosion, 
and to fatigue are typical properties that make these alloys 
so extremely useful in many of the hot spots in today’s jet engines, 


ramjets, missiles, and rockets. 
Whether investment- or sand-cast, wrought, vacuum melted, or air 
melted, there’s a HAYNEs high-temperature alloy to meet your needs. 


Heat-treating facilities are part of the ALLOYS 
complete metallurgical services avail- HAYNES STELLITE COMPANY 


able at Haynes Stellite Company. i : 
Division of Union Carbide Corporation 
Kokomo, Indiana 


Address inquiries to Haynes Stellite Company, 420 Lexington Avenue, New York 17, N. Y. 


“Haynes” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 


For more information, turn to Reader Service card, circle No. 433 
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Can These 


FELT 


BY FELTERS 


IDEAS 


Help You? 


FELT GREATLY REDUCES 
GLAZING COSTS 

over conventional brushing. Fine 
china manufacturer uses special 
Felters DuFelt Polishing Belt to 
reduce glazing costs. Felt coarse- 
ness and density can be varied 
for most effective polishing of 
metal, glass and ceramics. Can 
also be coated with abrasives. 


FELT ADHESIVE 
TAPES AND PADS 


are the most inexpensive material 
for sealing, padding and cushion- 
ing. Felt strips seal out dust, dirt, 
wind, fumes, moisture, and elimi- 
nate squeaks and rattles. 


FELT AS A LOW COST 
FRICTION MATERIAL 


Used as a braking or friction 
device, sometimes combined as a 
seal or washer. High coefficient of 
friction and extra density provide 
foolproof clutching and tension 
action at low cost, like the Lever 
Puller shown at left. 
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To get the most out of Felt, send 
for the Felters Design Book — a com- 
plete digest on properties and appli- 
cations. Write, today. 


—* “Ask for FELT from... 


the FE LTE er $ 6.. 


220 SOUTH STREET 


BOSTON 11, MASSACHUSETTS 


Pioneer Producers of Felt and Synthetic Non-Woven Fabrics 5.15 © 


MATERIALS IN 


Pik: 
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Typical parts that can be made of a 
new one-part epoxy compound, 


Hysol 8610 and is available from 
Houghton Laboratories, Inc., Olean, 
N. Y. 

The molding powder has a heat 
distortion point exceeding 300 F and 
cures at moderate temperatures. 
Potential uses for the material in- 
clude coil and resistor bobbins, relay 
assemblies, connector plugs, switch- 
gear, and shells for electrical parts. 
Other potential uses: dental equip- 
ment that is subjected to steam 
cleaning and filters that must resist 
severe chemical attack. 


Aluminum Alloy for 
Structural Applications 


Additional information on _ the 
properties and uses of a relatively 
new aluminum extrusion alloy has 
been released by Aluminium Ltd. 
Sales, Inc., 630 5th Ave., New York 
20. The alloy, called Alcan B51S, 
was introduced last year (see 
M/DE, Oct ’58, p 4). It is available 
in the form of ingots. 

According to the producer, the 
structural alloy has medium strength 
and good resistance to stress cor- 
rosion cracking. It also has good 
resistance to rural, marine and in- 
dustrial atmospheres. The alloy is 
not recommended for use in salt 
water or brine solutions. It has a 
composition of 0.80 magnesium, 0.80 
manganese, 1.30 silicon, 0.10 copper, 


PROPERTIES OF ALCAN 8515S 





Condition >} T4 





Tensile Strength, 1000 psi 
Elongation (2 in.), % 
Yield Strength, 1000 psi 











NAUGATUCK PARACRIL O0ZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


Now-—the finest 
weather-resistant 
wire jackets can be 


FOR SALES APPEAL @ FOR SERVICE EASE 


New Paracril OZO—a superior rubber compound developed by 

Naugatuck— makes possible new eye appeal, new ease of identification. And 

it outperforms standard wire jacket compounds many other ways, too! 
Compare new PARACRIL OZO with other wire jacket rubbers. Prove for yourself, 
new PARACRIL OZO gives: 

@ significantly superior ozone resistance 

®@ greater fuel and oil resistance 

@ much greater abrasion resistance than standard jacket compounds 

@ excellent processability, with particularly fast extrusion 

®@ permanent retention of bright colors! 

If you are not already using PARACRIL® for your wire jacket compounds 

or similar products requiring such properties, chances are 1000 to | it’s because 
you haven't yet tried PARACRIL OZO. 

Why not try it— soon. Contact your nearest Naugatuck representative at the 
address below. 


Naugatuck Chemical 


aes : 641P Elm Street 
Division of United States Rubber Company Naugatuck, - vthaenraal 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices - CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd., Elmira, Ontario - CABLE: Rubexport, W.Y. 
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Be sure the 
TEFLON 
you buy 
has the 
Qualities 
you need 


Processing can radically change 
Teflon properties 


Take flex life as an example. The Teflon sheet illustrated was 
quenched to 50% crystallinity, resulting in an excellent flex life of 
60,000 cycles. However, through lack of process control, it might 
have been cooled more slowly, giving a 56% crystallinity and a 
flex life of 40,000 cycles . . . A LOSS OF 20,000 CYCLES OF 
FLEX LIFE! 

You can be sure of proper processing by specifying Teflon stocks 
made by Garlock’s Plastics Division, the United States Gasket 
Company. U.S.G.’s years of experience with fluorocarbon resins 
guarantees you the right properties every time. This, plus assurance 
of fast delivery anywhere, makes Garlock your prime source of 
Teflon sheet, rod, tape, tubing, bars, cylinders. Find out more by 
calling one of Garlock Packing Company’s 26 sales offices and 
warehouses throughout the U.S. and Canada. 


U nited 
States 
G asket 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 


*DuPont Trademark 
for TFE Fluorocarbon Resin 


GARLOC HK 
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0.60 iron, 0.20 titanium and 96.20% 
aluminum, 

The aluminum alloy is expected to 
be used for appliance trim, pipes, 
portable bridges, window frames, 
boat masts, tubular furniture, rail- 
ings, decking, aircraft hanger doors, 
ladders and ski poles. 


Epoxy Resins Useful 
for Adhesives, Tools 


Two liquid epoxy resins—a heat 
resistant grade and a flexible grade 
—have been developed for use as 
adhesives, laminating and casting 
resins, and tools. 

1. Heat resistant grade 

Marblette Corp., 37-31 30th St., 
Long Island City 1, N. Y. has intro- 
duced a liquid epoxy resin available 
in two formulations. Resin 617-A is 
aluminum-filled, whereas 617-C is 
clear. Both resins are said to with- 
stand temperatures up to 500 F. The 
materials are expected to be used as 
laminating and casting resins and 
as adhesives. Marblette’s resin has 
a tensile strength of 10,700 psi at 
room temperature and 4500 at 300 F. 
It has a flexural strength of 41,000 
psi at 400 F and 22,000 at 500 F. 
When used as an adhesive to bond 
aluminum to aluminum, the resin has 
a shear strength of 1380 psi at 400 F. 
2. Flexible grade 

Epon X-81 is the name given to a 
flexible epoxy resin developed by 
Shell Chemical Corp., 50 W. 50th 
St., New York 20. A cured sample 
of the resin had an elongation of 
100% before it broke, compared to 
7% for a conventional epoxy. The 
resin is also said to be resistant to 
temperature changes. Potential uses 
for the new material, which sells for 
95¢ per lb, include adhesives, dies 
and fixtures, coatings and encapsu- 
lants. 


Cupro-Nickel Alloys 
Sold as Sheet, Strip 


Sheet and strip made from three 
cupro-nickel alloys (70-30, 80-20 and 
90-10) are now available from 
Bridgeport Brass Co., 30 Grand St., 
Bridgeport 2, Conn. Previously, the 





















































THE ONES THAT WILL LAST (and last, and last!)? 
THOSE MADE OF WEIRKOTE® ZINC-COATED STEEL! 


Laboratory salt-spray tests prove it. Leading manufacturers prove it. Experience proves 
it. Primary window frames and storm and screen frames of Weirkote zinc-coated steel 
last and last and last—literally shrug off the elements! 


Weirkote will not give in to corrosion invasion because its zinc coat clings tightly to its 
steel surface year after year. Reason? Zinc and steel are actually integrated by Weirkote’s 
continuous process. 


This extra protection pays off when it comes to fabricating Weirkote, too. You can crimp 
it, twist it, torture it—work it to the limits of the steel itself—without chipping or 
flaking its surface. And this pays off in your pocketbook: No more costly rejects, and 
coating after fabrication can be eliminated. 


Whether you’re talking profit or product, there’s a lot to be said for Weirkote zinc-coated 
steel. Write today for a free booklet that tells all about it. Weirton Steel Company, 
Dept. £14, Weirton, West Virginia. 


WeirroM 


| STEEL | 
cus 


—_S 


WEIRTON STEEL 
COMPANY 


WEIRTON, WEST VIRGINIA 


a division of 
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A design of the... 
A. F. Holden Co.,) 
Detroit, Mich. 


_ 


Duraloy 


bi Ps. — ie 


Castings that Keep their 
Load-Carrying Strength 
at High Temperatures 


This “immersion type radiant heater” is typical of the high 
reliability castings turned out by DURALOY. Centrifugally cast 
tubes with UNIFORM wall thickness...for longest service life. 
Static cast collars and shell molded bends...typical of 
DURALOY versatility. 


For your high alloy casting requirements check with DURALOY... 
our long experience, ultra-modern foundry and up-to-the-minute 
test equipment will be helpful in solving your problems. 

For more information ask for Bulletin No. 3150 G. 


» 4 


OFFICE AND PLANT: Scottdale, Pa. 


EASTERN OFFICE: 12 East 41st Street, New York 17, 6. Y. 
ATLANTA OFFICE: 76—4th Street, W.W. 

CHICAGO OFFICE: 332 South Michigan Avenve 

DETROIT OFFICE: 23906 Woodward Avenue, Pleasent Ridge, Mich. 
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alloys were available only in the 
form of tubing. 

The alloys are said to have good 
heat and corrosion resistance. They 
can be hot or cold worked, and can 
be joined by soldering, brazing or 
welding. 

Sheet, strip and tubing made from 
the three alloys are particularly 
suited for condensers, salt water 
evaporators, high temperature proc- 
essing equipment, heat exchangers, 
evaporators, automobile transmis- 
sion coolers, radiator sections, small 
tanks, strainers and filters. 


Adhesive, Sheeting for 
Vinyl-Metal Laminates 


1. Adhesive 

A vinyl-metal adhesive has been 
developed that withstands: 1) boil- 
ing water for 30 min; 2) dry heat 
for 7 days at 200 F; 3) tap water 
for 240 hr at 70 F; 4) 100% RH for 





4 


Large synthetic sapphire— 
Pictured above is a _ synthetic 
sapphire window that can be 
produced in diameters up to 5 
in. and in large contoured shapes. 
The window, valued at $1000, is 
used in infrared, ultraviolet and 
microwave applications. The 
sapphire part was made by 
special growing techniques de- 
veloped by the Crystal Products 
Dept. of Linde Co., Div. of 
Union Carbide Corp., 30 E. 42nd 
St., New York 17. (For more 
information on synthetic sap- 
phires, see M/DE, Sept ’57, 
p 161.) 








Inside the new Convair 880, strips 
of Spencer Nylon are used in the 
cargo area to attach floor panels to 
structure of aircraft, as well as to 
serve as a slide strip for cargo. (See 
story below.) 


How Spencer Nylon helps cut weight 
in world's fastest jet transport: 


When you specify materials to be 
used in building an airplane that 
will carry 8,630 pounds of cargo at 
a top cruising speed of 615 mph, 
every ounce counts. You must keep 
weight low to get maximum pay- 
load, yet you cannot sacrifice 
strength and durability. 

That’s why Spencer Nylon 606 
is being used for the cargo slide 
strips in the new Convair 880—the 
world’s fastest jet transport. 





Even lighter than aluminum, the 
Spencer Nylon cargo slide strips 
are also smoother than aluminum! 
About 580 feet of Spencer Nylon 
cargo slide strips are used in every 
Convair 880. 


Extruded by W. S. Shamban & 
Co. of Culver City, California, and 
Fort Wayne, Indiana, the nylon 
slide strips have the extreme abra- 
sion resistance and low friction 
properties needed to withstand the 


punishment of loading and unload- 
ing cargo. 


Why Spencer Nylon? Shamban 
reports that they chose Spencer 
Nylon for two reasons: (1) Spencer 
Nylon extrudes better and (2) holds 
the shape while maintaining close 
tolerances. 


Add to this the light weight and 
high impact resistance of Spencer 
Nylon, and you can see why so 
many designers and manufacturers 
are turning to Spencer Nyiva for 
the answer to a wide variety of 
problems. 


If you would like to know more 
about the special properties of 
Spencer Nylon, write to Spencer 
Chemical Company, Dwight Build- 
ing, Kansas City 5, Missouri. 


SPENCER NYLON 


SPENCER CHEMICAL COMPANY 


GENERAL OFFICES, DWIGHT BUILDING, KANSAS CITY 5, MISSOURI 
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Do you have to 


COPE WITH THESE 
CONDITIO 


HEAVY LOADS __ : IMPACT 


*High heat as compared to other copper-base alloys. 


you combat them all with an 


ANIPCO METAL 


What does a copper-base alloy have to do for you? Whatever 
it is, there’s a grade of Ampco Metal ~ or other Ampco alloy 
— that does the job exactly. . 

Equally important, you can select the best, most economical 
form of production — sand casting, centrifugal casting, shell 
mold, precision casting, forging, fabrication, extrusion, sheet, 
plate. 

Call in your Ampco field engineer. Write for bulletin. 


6-20 
AMPCO METAL, INC., Dept. 10F, Milwaukee 46, Wis. 


WEST COAST PLANT: BURBANK, CALIFORNIA . SOUTHWEST PLANT: GARLAND (DALLAS COUNTY), TEXAS 
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1000 hr at 160 F; and 5) detergent 
and sa!t solutions for 200 hr at 
140 F. 

The new adhesive, called No. 
A-978-B Cement, was developed by 
B. F. Goodrich Industrial Products 
Co., Div. of B. F. Goodrich Co., 
Akron, Ohio. The producer says that 
sheet steel bonded to vinyl with the 
adhesive can be stretched 35% with- 
out weakening the bond or damaging 
the vinyl coating. 

The thermosetting adhesive, ap- 
plied by brush, spray or roller, de- 
velops a semi-rigid, tough bond after 
baking 10 min at 400 F. 

2. Sheeting 

Production of a new, semi-rigid 
vinyl sheeting for vinyl-to-metal ap- 
plications was announced recently by 
General Tire & Rubber Co., Jean- 
nette, Pa. The plastic, known as 
Boltaflex 500, is said to resist wear, 
stains, cracking, chipping, peeling, 
delamination, weather, salt water 
and fire. 

The vinyl sheeting stands up well 
under machining and fabricating 
processes currently used in metal- 
working, and can be bonded to metal 
by conventional methods. 

Boltaflex 500 is available in 0.010, 
0.012 and 0.014-in. thicknesses. It 
comes in 36, 48 and 72-in. widths 
which can be printed in as many as 
six colors. Overall embossing is 
possible up to 72-in. widths. 


Asbestos, TFE Resin 
Resist Liquid Oxygen 


Fluorocarbon greases and oils, 
TFE resin, asbestos and polyethylene 
resins can be used safely with liquid 
oxygen. Other organic materials, 
such as synthetic rubbers, silicone 
oils and greases, epoxy resins, petro- 
leum-base oils, nylon resins and 
cellulose-base papers cannot be used 
safely with liquid oxygen. These are 
the conclusions derived from a se- 
ries of “impact sensitivity” tests 
conducted by D. E. Clippinger and 
G. J. Morris of Martin Co. 

Research was prompted by rocket 
engine and rocket plane manufac- 
turers who noted that when some 
organic materials came in intimate 
contact with liquid oxygen, they be- 
came prone to detonation when sub- 








if YOU are still doing without 


the durability, good performance 


and economy of 


~ HH 


LOCKSEAM 


a an EF ee 


ap) =- 


a) I a | 


ae . YOU OWE IT TO YOURSELF . investigate this popular 


edge seam tubing without delay. It is used exten- 

sively by some of America’s leading manufacturers 

of aircraft, jeeps, trucks, tractors, cars and sta- 

tionary engines for most every heating and cooling 

purpose — from heat exchangers to radiator over- 

—— +i flow tubes. Available in round and oval, solder 

mr METALFLD : ~.. coated on the outside or both sides, cut to cus- 
tomer specifications or in random lengths. 


TUBE AND MANUFACTURING CO. 


7 AA 


252N © Forman Avenue, Detroit 17, Michigan © Offices from Coast to Coast 


METALFLO LOCKSEAM COIL STRIP ” SEAMLESS TUBING TUBULAR PARTS 
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Bunting makes the 
“almost impossible” 


bearings 
and 


The photograph shows a sintered bronze bearing used in an exceed- 
ingly popular home laundry drier. It offers several unusual features, 
some of which you may find useful in designs you are considering as 
sintered parts. In the first place because the splines on the O.D. of the 
bearing abut the back of the bearing flange, this is a part which would 
be almost impossible to produce by machining but can readily be 
produced by powder metallurgy. 

Second, the splines do not extend the full length of the bearing but 
the density of the splines must be the same as the remainder of the 
bearing. This requires intricate and unusual tooling and understand- 
ing of the problem which is one of the reasons why this manufacturer 
put his design in the hands of Bunting. 

For the unusual, as well as the usual, in bearings, bushings, bars and 
special parts of cast bronze, sintered metals or Alcoa aluminum, see 
Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed Product 
Engineering Department are at your command without cost or obligation 
for research or aiding in specification of bearings or parts made of cast 
bronze or sintered metals for special or unusual applications. 

Toledo 1, Ohio EVergreen 2-3451 Branches in Principal Cities 


Bunting fil 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. ALCOA" ALUMINUM 


+, — 
- AR OU GAME for FOUL COPY OF 


Bunting’s “Engineering Handbook on Powder Metallurgy” 
ond Catalog No. 58 listing 2227 sizes of completely finished 
cast bronze and sintered oil-filled bronze bearings 
available from stock 


The Bunting Brass and Bronze Company 
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jected to certain impact energies. 
Specifically, when liquid oxygen was 
accidently spilled on asphalt and in- 
advertently stepped on, the asphalt 
often exploded. Also, leather gaskets 
immersed in liquid oxygen and sub- 
jected to surge impact detonated 
with disastrous effects. 

The tests conducted by Clippinger 
and Morris showed that 63% of the 
materials tested were impact sensi- 
tive. Of these, about 75% were mod- 
erately to extremely sensitive. The 
two researchers found that impact 
sensitivity is often related to the 
thickness of the specimen, i.e., thin 
specimens detonate, whereas thick 
specimens of the same material do 
not detonate. 

How tests were performed 

Impact sensitivity tests were con- 
ducted by delivering a calculated im- 
pact energy to a specimen immersed 
in liquid oxygen. One detonation in 
60 or none in 20 impacts made a 
material acceptable as “impact in- 
sensitive.” 

Equipment used in the tests con- 
sisted of a guillotine impact tester 
equipped with a 71.75-lb weight 
which was set to fall a distance of 
1 ft. A hammer mounted on the 
weight transmitted the impact force 
to a striker resting on the specimen 
being tested. The weight was 
dropped by a quick-release mech- 
anism actuated by a solenoid. Ma- 
terials to be tested were cut into 
14-in. squares 0.050 in. thick. 

A closed circuit television system 
permitted test personnel to view im- 
pact from inside a blockhouse. Mo- 
tion pictures were taken of the im- 
pact at speeds up to 1/128 sec. 


Quick Spot Test for 
Polyurethane Foams 


A spot test for differentiating 
polyether from polyester-based ure- 
thane foams, elastomers and coatings 
has been developed by Mobay Chem- 
ical Co., 1815 Washington Rd., Pitts- 
burgh 34. The entire test is said to 
take about 1 min. 

The test works as follows: 

1. A few drops of potassium 
hydroxide solution are placed on a 
urethane foam surface. 

2. A few drops of hydroxylamine 
hydrochloride solution are then placed 





Ebco whips 
the moisture 
monster 


WOLVERINE TUBE is the 
Brawn of Oasis Portable Dehumidifiers 


Wringing every bit of damaging moisture from that extracts moisture from air as it is drawn 
the air is a job that Oasis portable dehumidifiers, over the refrigerated tube surface. The Ebco 
manufactured and marketed by Ebco Manufac- Manufacturing Company is another in the long 
turing Company, do well. line of nationally-known firms that find in 
. Wolverine tubing exactly the type of product they 
Ebco nace miles and miles of W olverine —— need to meet their own high standards of quality. 
cial copper tube for the muscle jobs in the inner 
workings of the Oasis units. If your company uses copper, copper alloy or 
aa aluminum tubing, why not follow the lead of 
This Wolverine copper tubing ranges from tiny ee 
ge scaante. top line companies such as Ebco and _ specify 
Wolverine Capilator®—the capillary tube for 1 é 
ig ag Wolverine next time you order. 
precision metering of liquids and gases—to larger 
diameter coiled and straight length tubing which For complete information write for your copy of 


is fabricated by Ebco into the serpentine coil “Wolverine Serves the Refrigeration Industry.” 


alae Pc ocr WOLVERINE TUBE 
. oom " ume . cocoa Ay CALUMET & mmeLA, Inc. 


nO 17258 Southfield Road 
Allen Park, Michigan 





hapes 


PLANTS IN DETROIT, MICHIGAN AND DECATUR, ALABAMA e@ SALES OFFICES IN PRINCIPAL CITIES 


EXPORT DOEPYT ! t 40TH ST NEW YORK 16 N.Y 
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Add a Quality String 
to Your Bow... 
WALLINGFORD 

Stainless Strip and 
Tubing 


If you are aiming at new design 
or performance targets for your 
stainless steel products — or parts 
— Wallingford can add an important 
quality string to your bow. 


Every pound or inch of Wallingford 
Stainless Steel Strip and Tubing is of 
consistent, unmatched quality, because 
Wallingford produces tonnage ona 
laboratory basis. Exacting standards — 
unsurpassed in the industry — are 
maintained by utilizing the most 
advanced production control methods 
and facilities yet developed. Tensile tests, 
X-ray diffraction studies, automation gaging, 
laboratory samplings, and many other tests and 
techniques assure super-quality. 
Are you presently getting this “quality insurance” when you 
purchase stainless steel? If not, contact The Wallingford Steel 
Co., Wallingford, Conn., for further data and a copy of 
our latest data book. 


THE WALLINGFORD STEEL CO. 


Progress in Metals for over 37 Years 
WALLINGFORD, CONN., U.S.A. 


COLD ROLLED STRIP: Super Metals, Stainless, Alloy 
WELDED TUBES AND PIPE: Super Metals, Stainless, Alloy 
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on the same spot. 

3. The spot is then acidified with 
hydrochloric acid. 

4. A few drops of ferric chloride 
solution are added and the color 
noted. 

In the presence of polyesters the 
spot will turn violet immediately. 


Meta-Ether Lubricants 
Useful up to 1000 F 


Lubricants for use in the tem- 
perature range 700 to 1000 F have 
come out of the development of a 
class of materials called polyphenyl 
ethers. Of 19 polyphenyl ethers eval- 
uated, meta-polypheny] ether has the 
best liquid properties, the lowest 
pour point and the best viscosity- 
temperature relationship. The ma- 
terial is now available in develop- 
mental quantities from Monsanto 
Chemical Co., St. Louis, Mo. 

Meta-polyphenyl ether has a cal- 
culated “useful life” of 80 hr at 
900 F, compared to 0.1 to 3 min for 
presently used lubricants. The de- 
composition point of the material 
falls between 820 and 860 F. This 
means that the ether is as stable at 
840 F as silicones are at 740 F, 
hydrocarbons at 660 F, and esters 
at 540 F. 

Properties and uses 

Although developmental work is 
directed primarily at future turbo- 
jet lubricant requirements, meta- 
polyphenyl ether is also expected to 
find use as.a high temperature 
hydraulic fluid, a base stock for high 
temperature and radiation resistant 
greases, a heat transfer medium, 
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Viscosity-temperature slope of 
meta-ether and two other lubricants. 





Canadian General Electric Co., Ltd. 


New streamlined transformers, molded in 


Epon resins, have superior insulation 
and dielectric strength. Accuracy and 


over-all performance are greatly improved. 


Good-All Electric Manufacturing Co. 


New Epon resin-molded 600 UE capacitors 
have superior moisture resistance. Offer 
rugged, trouble-free performance because 
Epon resin assures high dielectric strength, 
low leakage. 


encapsulating 


for potting, molding, sealing, 


Switcu TO EPON resin-based com- 
pounds for potting, molding, sealing, 
and encapsulating to upgrade the per- 
formance of your electrical or elec- 
tronic units . cut costs through 
design simplification. 

Why? Because the excellent physi- 
cal properties of Epon resins eliminate 
the need for conventional containers 
and housings. Size, weight, and com- 


plexity of components are reduced. 

To lower costs and speed up pro- 
duction, manufacturers have moved 
in the direction of automation. In the 
new mixing, metering and dispensing 
equipment, even the most heavily 
filled Epon resin formulations can be 
used for high-volume, rapid-curing 
potting, encapsulating, and sealing 
operations. 


Epon resins can be adapted to a 
wide variety of formulations designed 
to meet your specific needs. Write now 
for full information including a list of 
suppliers of Epon resin-based formu- 
lations and manufacturers of auto- 
matic mixing, metering, and dispens- 
ing equipment. 


SHELL CHEMICAL CORPORATION 
50 West 50th St., New York 20, N.Y. 


SHELL CHEMICAL CORPORATION, 


PLASTI 
Ce ' 

6054 West Touhy 
Chicago 48, illinoi 


East Ce 


CS AND RESIN 


Cleveland |4 


ste istrict 


mmerce Bidg, 50 West SOth 


New York 20, I 


IN CANADA: Chemica! Division, Shell Oil Company of Car 


S DIVISION 


strict 


wney Avenue 


ney, California 
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Here it is 
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The PAINTING TOOL 


ALL Industry 


has been waiting for! 


The NEW 


.RANSBURG 


NO. 2 PROCESS 
ELECTROSTATIC 
HAND GUN 


aTOMiZER 


| VOLTAGE |SOURCE 





CUTS PAINTING COSTS! 


Saves Paint because there's no waste. Now, for the first time, the 
high efficiency of Ransburg's No. 2 Process automatic equipment 
is available to you in the NEW Electrostatic Hand Gun. 

Saves Labor, Increases Production because it is faster on many 
types of articles such as those fabricated from perforated and ex- 
panded metals, tubing, rod and wire. This is due to the ‘wrap- 
around" nature of electro-spray which paints ALL sides of such 
articles from one side only. 

Saves in Equipment because no conventional spray booth is 
required—no water-wash, no sludge recovery! Uses no compressed 
air for atomization. 

Saves Building Heat Loss because only mild ventilation for re- 
moval of solvent vapors is necessary, and... 

Maintenance Costs Are Cut because clean-up and maintenance 
labor is only a fraction of that required by other, less efficient 
painting methods. 


See how YOU can save in your own finishing department, and at the same 
time, improve the quality of the work. Write for literature and information 
showing how the Electrostatic Hand Gun has been proven on different 
products in a variety of industrial plants. 


RANSBURG 
Call or write 


Box-23122, Indianapolis 23, indiana 
For more information, turn to Reader Service card, circle No. 444 
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Electro-Coating Corp- 


and a nuclear reactor coolant. 

Engineering data on meta and 
other polyphenyl ethers were given 
by W. C. Hammann and E. S. Blake 
of Monsanto Chemical Co. at the 
135th National Meeting of the 
American Chemical Society held re- 
cently in Boston. A summary fol- 
lows: 

Thermal stability—The high de- 
composition points (temperature at 
which a compound decomposes) of 
the polyphenyl ethers shows that 
they are more resistant to thermal 
degradation than any other class of 
compounds tested, with the excep- 
tion of polyaromatic hydrocarbons. 

Hydrolytic stability—The polyphe- 
nyl ethers are unaffected by water 
at 570 F and by concentrated hydri- 
odic acid at 480 F. However, thev 
do hydrolyze slowly in dilute alkalis 
at 570 F. In contrast, esters, sili- 
cones and silicates hydrolyze rapidly 
in dilute acids and alkalis at tem- 
peratures below 210 F. 

Oxidative stability—The polyphe- 
nyl ethers have good resistance to 





_ < 


Vinyl plastisol shapes—The 
molded, one-piece vinyl plastisol 
shapes shown here are said to 
be leakproof and extremely 
buoyant. The parts are expected 
to find use in the chemical and 
paper industries because of their 
good chemical resistance. They 
are also expected to be useful as 
floats for valves. The hollow 
plastics shapes are supplied in 
durometer hardnesses ranging 
from A50 to A100. They are 
available from Polyco, Inc., 146 
Roswell St., Smyrna, Ga. 








An oil cooler as it comes from the airplane engine. 
Radiograph below shows accumulations of sludge and 


dirt on the tubes. 


‘? 


unrestricted, 


> 





After cleaning, the oil cooler is ready to return to its 
job. Radiograph below shows dirt gone and passages 


To keep an engine’s bloodstream clean 


IL COOLERS are vital to today’s 
O aircraft engines. At overhaul 
time they must go back on the engine 
clean as new. No minute particles of 
carbon or metal can remain to be a 
threat to the renewed engine. Clean- 
ing them has become a specialty with 
SMS Instrument and Accessories 
Corp. of Idlewild Airport, N. Y. C. 

To show that each cooler they clean 


is free of debris, it is sent to Industrial 
X-ray Incorporated, New Hyde Park, 
New York, to be radiographed. And 
when the cooler goes back to its job, 
its x-ray certificate of cleanliness goes 
with it. 

In such inspections of assemblies, 
in quality control, in nondestructive 
testing, radiography provides a means 


of “‘seeing’’ internal conditions and 


also a lasting record of what is seen. 

Producers of castings, and makers 
of welded products, find radiography 
a means of expanding their business 
and making sure only high-quality 
work is delivered. 

Would you like to learn how it 
could help you? Contact your Kodak 
x-ray dealer or the Kodak Technical 
Representative to talk it over. 


X-ray Division... EASTMAN KODAK COMPANY... Rochester 4, N. Y. 





Read what Kodak Industrial X-ray Film, Type AA, does for you: 


e Speeds up radiographic examinations. e Provides excellent uniformity. 


Reduces the possibility of 
pressure desensitization 


e Gives high subject contrast, * 
increased detail and easy readability 


at all energy ranges. under shop conditions. 
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NEW PRE-FINISHED 


BRASS-STEEL 
SAVES 25% OR MORE 
ON MATERIAL COSTS 


SUBSTITUTE 

FOR SOLID BRASS 
WITHOUT LOWERING 
PRODUCT 

QUALITY 


TWO GRADES: 
PREMIUM — 24’ WIDE 
STANDARD — 

32” WIDE 


Combines the Decorative Properties of 
Brass With the Economy of Steel 


Where the only BRASS you need is the brass you see, 
save 25 percent or more on material costs, reduce produc- 
tion steps with brass-plated steel. This way, the only 
BRASS you pay for is the substantial brass coating you 
really need. Big 32” wide coils — the widest ever made — 
in Standard grade, for utility or decorative uses ; 24” wide 
in Premium grade, our finest quality —an economical 
substitute for pure brass for many applications. Both 
grades are sealed with BAKEKOTE, a baked resin film. 
Mar-Not protective coating protects the pre-finished sur- 
face during fabrication. Big 24” and 32” wide coils and 
sheets — bright and satin finishes and crimps. Also stripes 
in sheets, only. 

UNPOLISHED — For those parts designed beyond the 
fabrication limits of our regular pre-finished material, 
consider unpolished Brass-Steel. Excellent for post-finish- 
ing work or for applications where high surface finish is 
not required. 

NICKELOID METALS 


SINCE 1898 


AMERICAN NICKELOID COMPANY 
PERU 6, ILLINOIS 
Mills: Peru, Ill. and Walnutport, Pa. — Sales Offices Throughout the U.S.A. 


Write For More Information 


For more information, turn to Reader Service card, circle No. 395 
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oxidizing agents such as chromium 
trioxide. Presently available com- 
mercial lubricants are severely at- 
tacked by oxidizing agents even in 
the presence of an oxidation inhib- 
itor. 

Radiation stability—The ethers, 
because of their high thermal sta- 
bility and aromatic structure, have 
radiation resistance comparable to 
that of the polyaromatics now used 
as coolants for nuclear reactors. The 
average change of the 400 F vis- 
cosity of several polyphenyl ethers 
was 12% at a radiation dosage of 
5.5 x 10" ergs per gm. 

Liquid properties—Meta-polyphe- 
nyl ethers have a liquid range of 
85 to 1000 F. Other polypheny! 
ethers are solids. 

Viscosity—The viscosity level of 
the ethers as a class is higher than 
that of presently used lubricants of 
similar molecular weights. Although 
this characteristic results in higher 
pour points for the ethers, it does 
give them higher and more useful 
viscosities at temperatures above 
400 F. 

Viscosity-temperature slope—The 
ASTM viscosity-temperature slope 
of the meta ether at temperatures 
above 210 F compares favorably 
with those of esters, hydrocarbons 
and silicates in the same molecular 
weight range. However, the vis- 
cosity-temperature slope of the ma- 
terial below 210 F is poor compared 
with those of other lubricants. The 
ASTM viscosity-temperature slope 
is a measure of the rate of change 
of viscosity with temperature. 

Lubricity—Data from the Shell 


PROPERTIES OF 
META-POLYPHENYL ETHER 





Decomposition Point, F.. 862 
Useful Life at 900 F, hr 80 
Pour Point, F 35 
Density (68 F), Ib/cu ft 1.19 
Molecular Weight 446.5 


Viscosity, cs 
50 F 36,700 


| 1,654 
100 F ‘a ee 
= 12.72 
400 F.. el: me 2.052 
700 F. 0.623 

ASTM (Viscosity-Temp) Slope 
100-210 F 0.89 
210-400 F..... 0.77 

77-400 F 0.85 
400-700 F.. 0.87 

77-700 F ; 0.85 
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Roads, Rails 
and Vapor Trails 





Whether it hugs the earth or rides the stratosphere’s jet 
ah | streams, modern transportation has one uncommon denom- 
a} inator—stainless steel. 


i 
a —" 


F / 
; f_— /° / America’s first supersonic bomber — the world’s lightest full- 
/ I; size, railroad passenger car—the trucking industry's highest capacity lightweight 
fi i / trailer—all owe their existence to stainless steel’s extraordinary strength-weight ratio 


peers / 

oe J bo !/ 

ia f -~--/ to protect painted and treated surfaces, because only stainless steel requires no protective 

/ Ea! treatment to preserve factory freshness and assure lasting customer satisfaction. And its 

7 [ .... unusual workability means that finished product costs are usually lower than for any other 
bright metal. 


, /' and almost indestructible good looks. 
f // 


Every American auto on the road today uses stainless steel functionally and decoratively 


/ Whether your primary interest is function or form, J&L 
j / provides consistent quality for uniform production. 


‘ J&L leads the industry in melt shop standards for stain- 
less steel—the point where quality starts, and production 
economies begin. 


/ Ny Plants and Service Centers: STAI Re Le Ss 


Los Angeles + Kenilworth (N. J.) « Youngstown « Louisville (Ohio) + Indianapolis + Detroit SHEET + STRIP > BAR + WIRE 





Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION «¢ Box 4606, Detroit 34 





PRESSURE 
TIGHT 


A CASE IN POINT -— This 8 pound Meehanite Metal casting made for 
the Joy Manufacturing Co. by Hamilton Foundry is a fourth stage air com- 
pressor cylinder. Pressures build up to 6,000 p.s.i. and require a high 
strength, pressure tight and wear resisting casting. Alloyed Meehanite® oil 
quenched and tempered, raised Brinell hardness of the cylinder wall to 
275-300, and increased tensile strength to 60,000 p.s.i. Meehanite was 
chosen for this casting because controlled structure and small uniform flake 
graphite produce pressure tight castings of uniform density and strength. 

Meehanite is both an iron—and a controlled process. Through the Mee- 
hanite Process the microstructure and the quantity and form of graphite 
is consistently controlled. This means that a specific type of Meehanite can 
be selected to meet engineered casting requirements. Testing of every 
ladle of molten iron insures that specifications will be met in the casting. 

When new and unusual design problems arise in the selection of metal 
and the casting of parts, you will find that the skill and integrity of your 
foundry is your best insurance that specifications—and delivery schedules 
—will be met. 


RAY IRON + ALLOYED IRON + MEEHANITE ” * DUCTILE NI-RESIST « 


1551 LINCOLN AVENUE + HAMILTON, OHIO + TWinbrook 5- 7491 


For more information, turn to Reader Service card, circle No. 474 
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4-ball wear test indicate that the 
polyphenyl ethers have lubricating 
properties similar to those of hydro- 
carbons, esters, silicones and _ sili- 
cates. 


Hardening, Brightening 
Steel Simultaneously 


A method for producing crack- 
free, brightened and hardened steel 
parts in one operation was described 
in the Oct ’58 issue of the Russian 
journal Metalovedenie I Obrabotka 
Metalov (Metal Science and Treat- 
ment). The article, translated by 
Larissa Domikov, Northrop Air- 
craft, Inc., indicates that steel parts 
hardened and brightened by the new 
process are much brighter than 
hardened parts polished in a sepa- 
rate operation. 

Essentially, the method consists 
of heating steel parts in a neutral 
atmosphere or in salt, then quench- 
ing in a _phosphoric-chromic acid 
solution. Two lead cathodes are at- 
tached to copper bus bars and placed 
in the solution; a third copper bus 
bar acts as an anode. Steel parts 
heated in the neutral atmosphere are 
connected to the anode by means of 
Nichrome wires. When quenched in 
the solution, the red hot steel under- 
goes simultaneous hardening and 
electropolishing. 

In the hardening and brightening 
process, the part is anodic, and it 
discharges active oxygen ions which 
combine with hydrogen to form 
water. 


Transparent Silicone 
for Potting Applications 


Development of a_ transparent 
silicone potting compound that per- 
mits visual and instrument checking 
of individual parts within a potted 
assembly has been announced by 
Dow Corning Corp., Midland, Mich. 
Easily applied as a water-white 
liquid with the viscosity of molasses, 
the material readily surrounds com- 
ponents and cures in place to form 
a resilient mass. 

In addition to filling and potting 
applications, the material shows 





Nonleaded tubing heats 
up tools, shortens tool life. 


Tubexperience in action 


Leaded tubing keeps tools 
cool, lengthens tool life. 


Now Superior Carbon Steel Tubing with Built-in Lubrication 


New leaded 1020 tubing permits faster speeds and heavier 
feeds, often reduces the number of finishing operations 


Where machinability is of major importance, specify Superior 
Seamless Leaded 1020 Tubing. Its built-in lubrication permits 
faster speeds in turning, drilling, tapping, milling, grinding 
and other machining operations, provides an 18%, increase in 
feeds, and often reduces the number of finishing operations 


required to produce a smooth, lustrous surface. Build-up of 


metal at the cutting edge of the tool is minimized. Chip for- 
mation is improved. Tools operate at lower temperatures, last 
longer, and require fewer dressings. Lower tool cost is an 


accompanying benefit. Another is reduced downtime for re- 
placement of dull and wornout tools. There is virtually no 
difference in physical and mechanical properties between 
leaded and nonleaded carbon steel tubing. So the grades 
are interchangeable. 


Superior Seamless Leaded 1020 Tubing is available in a range 
of ODs from .012 through 1% in. For particulars, send for 
Data Memorandum No. 24. And remember that other small- 
diameter tubing is available in more than 120 analyses, meet- 
ing a very broad range of applications. Superior Tube 
Company, 2006 Germantown Ave., Norristown, Pa. 


Sweetin fube 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥% in. OD—certain analyses in light walls up to 24 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 


For more information, turn to Reader Service card, circle No. 452 
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glass and plastics 
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to brighten your prod&ct's future 









































The Light 
Sele loia| 


fo] al lalola 1-1-1 ME -y-1 1-1-9 


Light your way to bigger appliance 
sales with Lancaster glass parts. 
Highly versatile in design application, 
yet relatively Jow in cost, custom-made 
lighting components add practical 
features that can be demonstrated 
effectively, extra beauty the buyer will 
appreciate. In short, you will win 
friends and influence prospects at 
the vital point-of-sale. 

Our lighting engineers can help you 
create new product applications, 
assist you with special assembly, 
optical or engineering problems. Put 
this expert knowledge to work for 
you, write Lancaster Glass Corporation, 
Lancaster, Ohio, or call OLive 3-0311 


For more information, turn to Reader Service card, circle No. 413 
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Potting compound is resilient and 
jelly-like after pouring and curing. 


promise as an impregnant for ca- 
pacitors, magnetic amplifiers and 
similar devices. 

Circuits of units filled or potted 
with the transparent material can 
be located visually and checked by 
inserting test probes into the sili- 
cone gel. The gel completely reseals 
itself after the test probes have 
been removed. According to the 
producer, delicate parts and con- 
nections potted with the material 
are not damaged by fluctuating tem- 
peratures, as is often the case with 
rigid potting materials. 

The silicone compound, called 
XF 1-0042 Dielectric Gel, combines 


PROPERTIES OF DIELECTRIC GEL 





PHYSICAL PROPERTIES* 

Specific Gravity (77 F) 0.970 
Viscosity (77 F), cs ..700 
Flash Point, F.... 300 
Freezing Point, F 58 
Refractive Index (77 F) 1.40 
Ther Cond, Btu/hr/sq ft/°F /ft' 

300 F = 0.169 


400 F 


ELECTRICAL PROPERTIES' 

Dielectric Strength, v/mil 1000 

Dielectric Constant (100 cps) 
75 F 3.00 
300 F 2.55 

Dissipation Factor (100 cps) 
75 F i 0.0001 
300 F 0.002 

Volume Resistivity, ohm-cm 
75 F 5 x 10 
300 F 1 x 10% 





aBefore cure. bAfter cure. 





An announcement of interest to 





manufacturers of steel parts 


Improvements in 
today's G@uesiua 


STEE|! BARS 


WITH COPPER 


] 100,000 PS! YIELD STRENGTH in all sizes . . . without heat 
treating. 


2 IMPROVED PHYSICAL PROPERTIES...better fatigue life 
wearability, and resistance to atmospheric corrosion. Over-all 
quality is improved. 


IMPROVED MACHINABILITY...STRESSPROOF with copper now 
machines faster and better than ever. It gives longer tool life, better 
finish, and more production from a day's run, according to shop 
production records. 


CLOSER TOLERANCES... Tolerances for rounds have been tight- 
ened to meet the need for more precise parts as follows: 





V4" to 1Y%y" Over 114” to 214” Over 24" to 3%” 
+ .000 +.000 +.000 
— .004 — .005 — .006 




















COMPARED WITH OTHER STEELS, 

STRESSPROOF COSTS EVEN LESS TODAY... Also saves ma- 
chining and heat treat costs, and you get a better quality part. It 
will pay you to take another look at this improved material. 


Your STEEL SERVICE CENTER stocks contain today's STRESSPROOF. It 
has been produced and shipped over a several months’ period. 


JUST PUBLISHED! Use this coupon to request your copy of new bulletin, 
‘Improvements in Today's STRESSPROOF Steel Bars."' 


LaSalle STEEL COMPANY 


1418 150th Street, Hammond, Indiana 


— —~-_ 





Company 





Address 








City Zone a 
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For TEFLON ‘in any form... 


CALL ON RIM 


Benefit from Raybestos-Manhattan’s 
long experience in the use of “Teflon” 
and ample facilities for its fabrication. 
Whether your needs can be met by 
stock sizes and shapes or require cus- 
tom made parts, R/M can help you. 

R/M makes a broad range of rods, 
tubes, thin wall tubing, bondable tape 
and sheets—and new sizes are con- 
stantly being added. One of the newest 
sizes, for example, is 1/32-in.-thick 


“Teflon” in 36 x 36 in. sheets. 

Where custom fabrication is needed, 
R/M is equipped to extrude, mold or 
machine “Teflon”’—the choice depend- 
ing on your individual design and 
quantity requirements. 

Whenever “Teflon” is to be specified 
in a design, don’t hesitate to contact 
your nearest R/M district office for 
friendly, competent help. And write 
now for informative literature. 


*A Du Pont trademark 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF. 


Contact your nearest R/M district office listed below for more information or 

write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa 
BIRMINGHAM | © CHICAGO 31 © CLEVELAND 16 © DALLAS 26 © DENVER 16 © DETROIT 2 e HOUSTON 1 
LOS ANGELES 58 © MINNEAPOLIS 16 © NEW ORLEANS 17 © PASSAIC © PHILADELPHIA 3 
PITTSBURGH e SAN FRANCISCO 5 © SEATTLE 4 © PETERBOROUGH, ONTARIO, CANADA 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics e Asbestos Textiles e Mechanical Packings « Industrial Rubber 


Sintered Metal Products . bber Covered Equipment 
Brake Blocks « Clutch Facing e Laundry Pads 


. Abrasive and Diamond Wheels e« Brake Linings 


and Covers e« Industrial Adhesives « Bowling Balls 


For more information, turn to Reader Service card, circle No. 381 
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Test probes can be inserted into 
silicone gel for checking individual 
parts within the potted assembly. 


excellent moisture resistance with 
good thermal stability. It has elec- 
trical properties comparable to those 
of electrical-grade silicone fluids. 


Hydrogen Does Not 
Embrittle Aluminum 


A recent literature survey by 
Harold Stromberg of the University 
of California reveals that only alu- 
minum of a number of metals inves- 
tigated resists hydrogen embrittle- 
ment under various conditions of 
temperature and pressure. Also, the 
300 series stainless steels in the 
severely work hardened condition 
have better resistance to hydrogen 
embrittlement than fully annealed 
low alloy steels. 

Other conclusions drawn from the 
survey: 

1. The 400 series stainless steels 
are quite susceptible to hydrogen 
embrittlement in the hardened con- 
dition, whereas they are resistant in 
the soft state. Type 420 has about 
the same resistance to hydrogen em- 
brittlement as the 300 series under 
all conditions of temperature and 
pressure. 

2. Chromium steel (12%) in the 
Rockwell hardness range of C43 to 
C46 is extremely susceptible to hy- 
drogen embrittlement, but it shows 
no hydrogen embrittlement in the 
Rockwell hardness range of C23 to 
C25. 

8. Apparently certain types of 
coatings and oxide films, such as 
cadmium vapor coatings and chro- 








Another Tinnerman Original... 


Tinnerman Push-On SPEED NUTS’ 
fasten with a “bite” that can’t shake loose 


In a split-second, this low-cost Tinnerman Push-On 
Speep Nut arches its spring-steel back, then bites 
hard to make a positive attachment on unthreaded 
studs, rivets, tubing, nails, jewels, small housings. 


Application is easy— finger pressure starts it; a 
push with a simple hand tool locks it under live 
spring tension. No threads to worry about, no spot 
welding, no riveting, no special inserts, bushings 
or washers necessary. Elimination of extra parts 
and assembly operations may save you up to 50% 
or more in fastening costs. 


Push-On Speep Nuts lock on everything from 
thermoplastics to die-cast, chrome-plated steel. 
Hundreds of variations to fit any shape or size stud 
—from very small diameters to larger rectangular 
shapes. Some Push-Ons have “caps” that cover 
exposed shaft, axle or stud ends. 


Check Sweet’s Product Design File, section 8-T. 
Or look under “Fasteners” in the Yellow Pages and 
call your Tinnerman representative for complete 
information and samples. Or write to: 


PRODUCTS, INC. 
Cleveland 1, Ohio 


TINNERMAN 
Dept.12 +» P.O. Box 6688 + 


| TINNERMAN 


FASTEST THING IN FASTENINGS® 


For more information, turn to Reader Service card, circle No. 475 
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CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerecessories Ltd, Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg. 
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why 


oy \) 
are best... | ‘af b 


" 


From a solid block of steel, a solid ring has been formed, to required 
size and shape. The accuracy possible with this process greatly mini- 
mizes the need for further finishing. Diameters are from 5 to 145 
inches, weights up to 14,000 pounds. Materials include carbon and 
alloy steels, stainless, tool steels, titanium. Facilities available for 
machining and heat treatment. 


Write for descriptive bulletin. 


Edgewater Steel Company 


Dept. MDE @ P.O. Box 478 ® Pittsburgh 30, Pa. 


For more information, turn to Reader Service card, circle No. 373 
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mium oxide films, can temporarily 
keep hydrogen from penetrating 
into metal and prevent loss of duc- 
tility. However, such surface coat- 
ings are probably not effective for 
long-time exposure to hydrogen. 

4. Nickel and nickel-base alloys 
are susceptible to hydrogen embrit- 
tlement both at room and high tem- 
peratures, 

5. Titanium and titanium alloys 
in the alpha-beta condition are mod- 
erately susceptible to hydrogen em- 
brittlement. However, in the beta 
condition they are virtually un- 
affected. 

6. Copper and copper alloys, in- 
cluding beryllium copper alloys in 


Picker X-Ray Corp. 
Inspecting thick steel parts 
—The large stainless steel cast- 
ing shown here is being pre- 
pared for radiographing with 
what is claimed to be the high- 
est capacity radioisotope ma- 
chine ever installed in the United 
States. The machine uses tiny 
wafers of cobalt-60 for its radi- 
ation source, and is capable of 
handling a radiation source of 
1500 curies. According to the 
producer, the machine can radio- 
graph steel castings, valves and 
fittings in thicknesses up to 12 
in. A radiograph is a shadow 
picture of the internal state of 
the metal, and a flaw such as a 
void or crack will show up on 
the film as a_ proportionately 
denser shadow. The unit, manu- 
factured by Picker X-Ray Corp., 
is now in use at Cooper Alloy 
Corp., Hillside, N. J. 
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Hundreds of custom molders of plastics 
have no research and development facilities... 








Some have one or two men... 
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But only one is staffed for 
every type of plastics research and development... 


GENERAL AMERICAN 


Plastics Division 





General American’s Plastics Division offers you advan- ¢ Modern tool and die shops. 


tages no other molder in the world can match! ahah shee a os 
. ¢ A continuing advisory service, including a Customer 


¢ The largest and most varied molding facilities in the Service Manager assigned to live with your job through 
industry, with compression presses up to 2000 tons for every step of production. 
regular and reinforced plastics in simple and complex 
shapes, injection presses up to 300 ounces, and large 
extruding and vacuum-forming machines. 


These are some of the reasons why General American is 
the nation’s leading custom molder of plastics. Let us 
study your products to help you determine whether the 
e An experienced staff of research and development __ use of custom molded plastics will improve them. You'll 
specialists, and a complete engineering department. find... it pays to plan with General American. 


GENERAL AMERICAN TRANSPORTATION 


135 South LaSalle Street, Chicago 9c, Illinois 
Offices in principal cities 


For more information, turn to Reader Service card, circle No. 537 


JUNE, 1959 « 145 

















2. ENVIRONMENT. AL 


Of SS 
1 F 
“4 











ZA 


6. PSYCHOMETRICS 7. MICROBIOLOGY 


Q7 
0 


U 











Whether it’s a routine control analysis of an alloy, an 
environmental test of a “black box”, or a complete struc- 
tural and operating evaluation...whether it’s appliances 
or batteries or turbines or valves...you get more from the 
integrated laboratories of United States Testing Company. 
Multi-million dollar facilities...career test engineers...a 
wealth of experience in your field...all these save you 
costly investment in laboratory equipment and give you 
top-quality testing and R/D services. Check your needs 
against the facilities and services available. 


The 
World's Most 
Diversified 
Independent 


Send For Free Facilities Bulletin. 


| Telolg-tielgy 


United States Testing Co., Inc. 
1415 Park Avenue, Hoboken, N. J. 


BOSTON - BROWNSVILLE + DALLAS * DENVER - LOS ANGELES 
Branch Laboratories | yiypyis - ew yORK - PHILADELPHIA+ PROVIDENCE - TULSA 


For more information, turn to Reader Service card, circle No. 
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the soft and hardened conditions, 
are virtually unaffected by high 
pressure hydrogen, provided oxygen 
content is kept low. 

7. There are indications that al- 
loying of steel with vanadium or 
zirconium greatly reduces suscepti- 
bility to hydrogen embrittlement. 


Synthetic Felts 
Used for Filtration 


Three synthetic fiber felts and 
cloths have been introduced recently 
for dry and wet filtering applica- 
tions. 

1. Nylon felt 

Kranish Textile Co., 381 4th Ave., 
New York 16 is marketing a fleece 
felt woven of 100% nylon yarns. 
The producer says the material, des- 
ignated No, 52, is suitable for filtra- 
tion and other industrial applica- 
tions. The nylon felt is supplied 58 
in. wide and weighs 14 oz per sq 
yd. It sells for $2.96 per linear yd. 
2. Orion cloth 

A napped, spun Orlon cloth has 
been developed for use in dust col- 
lectors and other dry filtration 
equipment that require a high rate 
of air flow and retention of very 
small particles. The cloth, called 
Techfab 5182E, is available from 
Technical Fabricators, Inc., 136 
Washington Ave., Nutley, N. J. The 
material is said to withstand tem- 
peratures up to 250 F, and it has 
good resistance to solvents, oils, 
greases, waxes and mineral acids. 
The developer says free air flows 
through the fabric at a rate of 40 
to 45 cu ft/min/sq ft at % in. H.0O. 
3. Dacron-Orion felt 

A nonwoven felt made from Dac- 
ron, Orlon and other synthetic fibers 
is now commercially available from 
Troy Blanket Mills, 200 Madison 
Ave., New York City. Chief charac- 
teristics of the felt: 1) high tensile 
strength—up to 1500 psi, depending 
on the fiber, 2) good resistance to 
most acids and alkalis, and 3) good 
resistance to abrasion and moisture. 
According to the producer, the non- 
woven synthetic felt can be used 
continuously at temperatures up to 
400 F. 

The synthetic felt, called Troyfelt, 















From CIBA 

ANOTHER IMPORTANT ADVANCE 
FOR 

EPOXY FORMULATING... 


New 
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1 Properties equa! or better than 
most solid aromatic amines 


2 Long pot lives—3 hours or more at 25°C 
3 ASTM Flex. Def. Temp. to 160°C 
4 Physical properties retained at 150°C 


5 Excellent chemical resistance 
and electrical properties 
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FIRST IN EPOXIES 








\ NOW AVAILABLE 
IN COMMERCIAL 
QUANTITIES 









ARALDITE, Reg. trademark of CIBA 


CIBA PRODUCTS CORPORATION, Fair Lawn, New Jersey MDE 6 





Please send me complete technical information on ARALDITE Hardener 957 
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|) A. Jato shells to 20° x 60” E. Rocket nose cones to 40°x50" 
» 8. Rectifier shelis—aluminum —_ F. Rocket tail cones, 4130 steel 
© C. Rocket cases to 29° x 60” G. Seamless spheres to 10” diam. 
>) D. Jato motor H. Falcon rocket motor case 








Ideas for missile engineers 


Hackney components—deep drawn shapes, shells and parts—offer 
designers many advantages, including: 


@ great strength with minimum weight 





@ elimination of heavy castings, forgings, etc. 

@ maintenance of exact diameters, wall thicknesses 

@ simplification of assemblies to speed installations 

@ naturally smooth surfaces which are easy to paint, clean, maintain 
@ making parts in ten different metals 


@ maximum latitude in designing; for example, wall thicknesses .050" | 
to .700"... working pressures to 6000 psi...as well as ample design 
latitude in capacities, diameters and depths 


For engineering facts, data on components already 
produced by Hackney engineers for missile and rocket 
projects, write to the address below. 


Pressed Steel Tank Company estes 


Manufacturer of Hackney Products Since 1902 


1442 South 66th Street, Milwaukee 14, Wisconsin 
Branch offices in principal cities 
CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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148 « MATERIALS IN DESIGN ENGINEERING 


Formerly Materials & Methods 


is recommended as a padding, pack- 
ing, filtering and lining material; 
as an insulation against sound and 
vibration; and for oil wick. 


Tungsten Alloys for 
Metal Powder Parts 


Improved tungsten metal powder 
parts are foreseen with the develop- 
ment of two new tungsten alloys. 
They are: 

1. A tungsten-rhenium composi- 
tion. Addition of 30 to 50% rhenium 
to tungsten lowers the transition 
temperature and aids in the working 
of the metal. 

2. A 70 tantalum-30% tungsten 
alloy prepared from _ pre-alloyed 
powder that is workable at room 
temperature. 

Powder metallurgy techniques are 
used to prepare tungsten ingots, and 
ingots as large as 3 in. in dia have 
been arc melted using the consum- 
able electrode process, according to 
Fansteel Metallurgical Corp., North 
Chicago, Ill. Hydrostatic pressing, 
slip casting and powder spraying, 
each followed by a sintering treat- 
ment, are developments now being 
considered in the design of large 
tungsten parts. 

Full density (19.3 gm per cu cm) 
is never achieved commercially in 
pressed and sintered tungsten pow- 
der, according to Fansteel. Densities 
in the range of 90 to 94% of theo- 
retical are obtained by sintering in 
the range of 5070 to 5620 F. Sub- 
sequent working of the sintered prod- 
uct is necessary to achieve full 
density. 

A high density sintered alloy (18.5 
gm per cu cm) is commercially 
available that can be sintered at 
lower temperatures and does not 
require working after sintering. 
With as little as 1% nickel content, 
the alloy can be pressed and sintered 
at 2900 F and finish machined to 





DON’T MISS AN ISSUE — Changing 
your address? If so, please let us 
know two months in advance. With 
such notice, which we need for effi- 
cient operation, we will do our best 
to see that you don't miss an issue. 
Be sure to include your new postal 
zone number. 














good 
Riverside continuous casting saves ° 
you production time, cuts rejects riddance 


Brass and other copper-based strip, rod, and wire from ce) 
Riverside produces consistently better end products for 66 
you—free of weak points that result in rejected pieces Swiss 
or whole batches. 

How do we do it? By continuous casting, a process Cheese” 
we introduced to this country—a process that elimi- 
nates air holes and impurities, leaving a dense, homo- - 
geneous casting for better wire-drawing and other C astings ! 
fabrication requirements. 

Get the full cost-saving story from Riverside-Alloy 
Metal Division, H.K. Porter Company, Inc., Riverside, N.J. 


RIVERSIDE-ALLOY METAL ||| | | | ? é SI] p24 PORTER COMPANY. INC 
DIVISION | @ |)" me 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION: 

Copper and Alloys—RIVERSIDE-ALLOY METAL DIVISION; Refractories—REFRACTORIES DIVISION: Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN-KIDD STEEL DIVISION: 

Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION; and in Canada, Refractories, “Disston’’ Tools, 
“Federal” Wires and Cables, “Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD. 
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Chace THERMOSTATIC. BIMETA 


Actuates Another Precision Product 


THE 


A PRODUCT OF GENERAL ELECTRIC 


APPLIANCE CONTROL DEPARTMENT 
MORRISON, ILLINOIS 
7 * = 


GUARDETTE 


The Guardette is a motor protection device of numerous and 
varying applications. Manufactured by General Electric 
Company’s Appliance Control Department, the Guardette 
protects the motor from over-heated windings under locked 
rotor or any condition of overload. It is used for appliances, 
such as washers, dryers, disposals and dishwashers; for 
hermetic motors in refrigerators, freezers and room air 
conditioners; and for general purpose motors. With space 
saving such an important factor, the Guardette offers only | 


f 


wn 
| 
® 


1” diameter. In addition it provides easy mounting, a wide mw | 


range of adjustment, precise calibration, dependability in 
performance and long load life. 


The list of manufacturers specifying Chace Thermostatic 
Bimetal reads like the “400” in American industry. But 
large or small, prominent or momentarily little-known, all 
are super-critical of the often minute bit of metal upon which 
the action of their product depends. A variation of a few 
degrees in the response of a motor protector can mean 


loss. That’s why critical buyers look to Chace year after year 
for thermostatic bimetal which is uniform in its alloys, uni- 
form in its processing, uriform in its precision production 
methods, uniform in its inspection procedures. Chace’s main- 
tenance of excellent relations with the world’s most par- 
ticular buyers for over a third of a century proves we and 
they are on the right track. 


When your new temperature responsive device approaches 
the design stage remember that Chace Thermostatic Bimetal 
is available in strip, coil or completely fabricated and as- 
 sembled elements of your design. Send for ‘Successful Appli- 
cations of Chace Thermostatic Bimetal,’’ containing many 
pages of design data. 


W. M. CHACE CO. 
Theunostalic Bimelal 


1615 BEARD AVE., DETROIT 9, MICH. 
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close tolerances. After sintering the 
alloy has a melting point of ap- 
proximately 5072 F, which may be 
high enough to make it usable for 
some rocket components. The alloy 
should also be considered for shield- 
ing applications since the method of 
fabrication makes larger parts feas- 
ible. (For information on other meth- 
ods of fabricating tungsten, see 
article on p 74 in this issue.) 


Nylon Pressure Tubing 
Usable up to 300 F 


A flexible nylon tubing can be used 
continuously in an oxidizing atmos- 
phere at temperatures up to 225 F 
and intermittently up to 300 F. 
The tubing, called Grade TR, has a 
life expectancy of two to five years 
in water at temperatures as high 
as 150 F. It is recommended for 
lubrication, hydraulic, pneumatic, 
fuel, solvent, beverage and instru- 
mentation lines. The nylon tubing is 
available from Polymer Corp. of 
Pa., 2140 Fairmont Ave., Reading, 
Pa. Grade TR nylon tubing is sup- 
plied in diameters of 1/8, 3/16, 1/4, 
5/16 and 3/8 in. 


Colored Silicones for 
Potting, Encapsulating 


Two colored silicone rubber com- 
pounds have been developed for color 
coding potted and encapsulated elec- 
tronic parts. One, called RTV-40, is 
supplied white for coloring by the 
user; the other, called PA-407, is 
supplied in a variety of colors and 
white. 

1. RTV-40 

This silicone rubber is supplied as 
a solvent-free paste which cures to 
a tough silicone rubber at room 
temperature after the addition of a 
curing agent. It was developed by 
General Electric Co., Silicone Prod- 
ucts Dept., Waterford, N. Y. Accord- 


PROPERTIES OF RTV-40 





Tensile Strength, psi 
Elongation, % 

Tear Strength (Die B), !b/in. 
Durometer Hardness 








Casting research on 17-4PH increases elongation 10%...costs 
Cannon-Muskegon customers nothing {4 Cannon-Muskegon research has developed 
certain procedures for investment casting of 17-4PH that assure, consistently, the high level of properties which this alloy is 
capable of producing. q Casting test bars in a keel block arrangement as shown here—rather than an end-gated arrangement 
—is one of them. Special recommendations on aging time and temperature are another. @ Further, Cannon-Muskegon 
research has demonstrated the necessity of stricter limits to provide a balanced chemistry and prevent harmful effects induced 
by too high or too low a content of certain elements. Keeping within these limits and following Cannon-Muskegon recommenda- 
tions assures investment casters of consistently obtaining optimum performance from this fine alloy. Q We invite you to 
write for a free copy of the ICI Technical Research Report, ‘The Effect of Aging Time and Temperature on the Mechanical 


Properties of Investment Cast 17-4PH.” 


7 ‘ a 


Master 


T CANNON-MUSKEGON CORPORATION 


AIR-MELTED ALLOYS Metallurgical Specialists . 2873 Lincoln Street . Muskegon, Michigan 


For more information, turn to Reader Service card, circle No. 509 


JUNE, 1959 « 151 








Reynosol coated plating rack increases 
product efficiency. 


Hand tools are safer, sell better with 
Reynosol coating. 


Uniform coating for rope, wire or cord 
offers no problem. 


Reynosol is a national preference for all 
types of rotational castings. 


CHEMICAL 
PRODUCTS 
COMPANY 


Whitmore Lake, Michigan « Phone Hickory 9-936! 
DIVISION OF STUBNITZ GREENE CORP. 





REYNOSOL™ 
SOLVED 
THESE 
PROBLEMS 


Years added to life of automatic dish- 
washer rack with Reynosol coating. 


WHAT CAN REYNOSOL DO FOR YOU? 


Want a coating that’s functional 

. decorative? Or maybe both? 
Your best bet, then, is to look to 
Reynolds Chemical Products Com- 
pany — and to Reynosol. 


Tough, attractive Reynosol can be 
formulated to meet your exact spec- 
ifications—and in a full spectrum 
of color. 


Let Reynolds Chemical creative sci- 
entists tackle your coating prob- 
lem. They'll come up with exactly 
the answer—and the price—you’ve 


heen hoping for. 


REYNOLDS CAN COAT IT 
-- IF ANYONE CAN! 


*Reg. Trademark 
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Plastic Associates 
Electronic parts are color coded by 
dipping them into colored silicone 


rubber paste, 


ing to GE, RTV-40 makes an ex- 
cellent material for sealing, calk- 
ing, potting and encapsulating elec- 
tronic assemblies. It can also be used 
as a flexible mold material for cast- 
ing epoxy resins or for making pro- 
totype rubber parts. 
2. PA-407 

Supplied in a pre-metered kit con- 
taining a color-mixed compound and 
a catalyst, PA-407 cures to a tough, 
resilient silicone rubber at room 
temperature. The compound has 
good electrical properties under 
humid conditions. It was developed 
by Plastic Associates, 185 Mountain 
Rd., Laguna Beach, Calif. 


Boron Stainless Steel 
Used in Reactor Parts 


An austenitic stainless steel con- 
taining boron has been introduced 
by Carpenter Steel Co., Reading, Pa. 
for use as control rods and shields 
in nuclear reactors. The new ma- 
terial, designated type 304L, is avail- 


PROPERTIES OF 304L> 





Tensile Strength, psi 

Yield Strength (0.2% offset), psi 
Elongation (in 2 in.), % 

Reduction in Area, % 

Impact Str (V-notch Charpy), ft-lb 
Rockwell Hardness. .... 





aContaining 1.8% boron; annealed at 1900 F 
and water quenched. 





\\ 


Some like it Hot . ..\ 
Some like it Cold... 


Leonard DURA-trol* 
with Truflex 
Thermostat Metal 
spiral coil. 





Corrosion-Proof 


TRUFLEX 


Thermostat Metal enables 





Leonard Showermaster* 
to hold water temperature exactly 


Like a duck takes to water... that’s how General Plate You, too, can obtain constant and accurate temperature 


Truflex Thermostat Metal withstands corrosion in all kinds 
of water. Take, for example, the DURA-trol element in the 
Showermaster manufactured by Leonard Valve Company. 
This double spiral coil, made from corrosion-proof Truflex 
Thermostat Metal, provides continuous control of water tem- 
perature. Mr. Everett C. Wilcox, President, puts it this way: 

“Dependability and durability are prime requisites of our 
DURA-trol_ thermostatic element which must respond to tem- 
perature changes instantly and accurately. Truflex Thermostat 
Metal in this element has earned an outstanding record for com- 
plying with our high performance standards, even when sub- 
jected to the most adverse water conditions.” 


*Registered trade marks of 
Leonard Valve Company 


control, compensation or indication in your products with 
Truflex Thermostat Metal, parts or assemblies, fabricated to 
your exact specifications. Every Truflex order comes to you 
a precise duplicate of the original . . . consistently uniform 
in tolerances, temperature reaction and performance, thus 
preventing rejects and costly adjustments in assembly. The 
complete Truflex line includes 60 types of thermostat metal 
with resistivity from 15 to 850 ohms per c.m.f. Write for 
catalog. 


METALS & CONTROLS 


1606 FOREST STREET. ATTLEBORO, MASS. U.S A 


A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


» GENERAL PLATE PRODUCTS: Clad Metals « Electrical Contacts « Truflex@® Thermostat Metal « Platinum Metals e Reactor Metals « Radio Tube & Transistor Metals 
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able in two boron levels, 2% and 
1.5% minimum. The alloy is cur- 
rently manufactured in round and 
flat bars. 


Thermoelectric Used 
from 850 to 1500 F 


A new thermoelectric material, 
said to be the most efficient of its 
type (semiconductor) yet discov- 
ered, performs well at temperatures 
from 850 to 1500 F. 

The semiconductor material is ex- 
pected to find use in thermoelectric 
devices operating at temperatures 
well above those previously consid- 
ered practical. The material is a 
three-element compound known as 
indium arsenide phosphide; it is pre- 
pared by chemically combining high 
purity indium with equally pure 
arsenic and phosphorus. It was de- 
veloped by Westinghouse Electric 











here’s how Die Casting 





adds form to function y 


Die casting doesn’t stop at producing parts that perform. Die 
casting adds eye appeal, allows engineers to design for sales 
as well as for function. 

Take this Gray Company spray gun handle. Note how 
design has reduced subsequent machining; cast in nine holes, 
three with double diameters; created an integral unit around 
which the complete tool can be assembled. Note, too, the 
balance and eye appeal. This is the kind of machine a body 
man likes to hold in his hand, wants to have in his shop. 

Good design is never an accident. But the secret of good ® 
design is often a knowledge of parts production that makes A 
good design possible. That’s where die casting comes in. With 
die casting your engineers design for form as well as function. 

If your product must deliver sales appeal and perform- 
ance, call Twin City Die Casting. Twin City engineers can 
probably help you get more from the die casting process. . . 
not because they know your job, but because they know die 
casting so well. 


Glass-coated ductile iron—The 
glass-coated ductile iron fittings 
shown here are said to be 2% to 3 
times stronger than presently avail- 
able glass-coated fittings made of 
gray iron. The tensile strength of 
ductile iron is virtually unaffected 
by the high temperature firing used 
---only DIE CASTING can in the glassing process, whereas the 


” cut your costs /“ offer such flexibility tensile strength of gray iron is re- 


duced by as much as 25%. Glass- 
ait provide such accuracy coated ductile iron has good resist- 
. ; ‘ - ance to acids, except hydrofluoric, at 
L sacticg Let Cath ttt 7’ de eprtre MOaweee. temperatures up to 350 F, and good 
resistance to most alkalis at moder- 
ate temperatures. Standard glass- 
TWIN CITY DIE CASTINGS co. coated fittings made of yea Been 
3351 TALMADGE AVE. S. E. © MINNEAPOLIS 14, MINN. ¢ PHONE MI 6-7528 a, Sectee Ge. bes. | ioe 
Permutit Inc., 1088 West Ave., 

Rochester 3, N. Y. 
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sande rings in a multitude of shapes and sizes 
are speeding assembly and cutting production 
costs of a host of industrial and consumer products. 
A leading manufacturer of these efficiency-improv- 
ing parts recently greatly expanded the range of 
applications for retaining rings by adding a com- 
plete line of standard and special rings of Armco 

PH 15-7 Mo Stainless Steel. 
By taking advantage of the ultra-high strength, 
NOES CSET spring properties, good corrosion resistance and high 
ile naety temperature properties of this unique metal, they 
born at now produce retaining rings with performance char- 
Armco acteristics heretofore unobtainable at reasonable cost. 
Their new PH 15-7 Mo rings have the necessary com- 
bination of strength and durability for economical 
service in chemical, food and beverage machinery; 
aircraft and missile components; units for nuclear 


How Armco PH15-7 Mo Stainless Steel 
Helped make a good product better 


reactors, appliances; marine equipment; and other 
applications subject to severe service conditions. 


Simplifies Ring Production 


The simple heat treatment and good fabricating 
characteristics of Armco PH 15-7 Mo facilitate man- 
ufacturing operations. All types and sizes of rings 
can be produced because PH 15-7 Mo is available 
in sheets, strip, plates, bars and wire, including spe- 
cial cold drawn shapes that completely eliminate some 
production steps. 

Consider the design and production advantages 
you can achieve with Armco PH 15-7 Mo or one of 
its companion grades of precipitation-hardening 
stainless steel, Armco 17-4 PH or 17-7 PH. Let us 
send you complete information. Just fill out and 
mail the coupon. 





| 
| 
| 
J 


ARMCO STEEL CORPORATION 

1939 Curtis Street, Middletown, Ohio 

Send me complete information on your special Armco Pre- 
cipitation-Hardening Stainless Steels. We are considering 





them for 


NAME 





COMPANY 





STREET 








ARMCO STEEL 





\RMcy Armco Division + Sheffield Division *« The National Supply Company * Armco Drainage & Metal Products, 
® Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 
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When you need density call on 


MALLORY 1000 METAL 


these blocks of metal, thi 
weigh 0.25 pound... but notice 
how much smaller is the block of 
Mallory 1000. CRS 


Over six times as dense as aluminum .. . half again as dense as 
lead ... Mallory 1000 metal enables you to put a lot of mass into 
a limited volume. It’s ideal for counterweights, balances, gyro 
rotors. Because it’s strong, you don’t have to sacrifice structural 
properties. Because it’s readily machined, you can work it 
economically. Check the unique properties of Mallory 1000. . . 
and let us consult with you on ways to apply it in your next 
design job. 


r=eC3e ee ee ee ee ee ee ee ee ee 


! Density 16.96 grams/cc Average I 
| Ultimate tensile strength 112,000 psi. Average I 
| Modulus of Rupture | 
| (simple beam, center loaded) 220,000 psi. Average 
| Elongation (percent in 2”) 2.5% Minimum | 
Hardness Rockwell “'C”’ 24-30 | 
1 Modulus of Elasticity 40,000,000 psi. i 
| Coefficient of Expansion 25-500°C 5.4 x 10-4/°C l 
1 Electrical Conductivity 14.0% |ACS " 
l Proportional Elastic Limit (in tension) 25,000 psi. 
| Yield Strength (0.2% offset) 75,000 psi. ! 
Torsion Modulus (modulus of rigidity) 19,200,000 psi. I 
! Angle of Twist at Rupture 166 I 
| Shear Strength 81,000 psi. I 
l J 








&CO Inc. & 


INDIANAPOLIS 6 
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Corp., Box 2278, Pittsburgh 30. 
Thermoelectric materials convert 
the heat of a burning fuel or other 
high temperature source of heat di- 
rectly into electricity. The materials 
fall into three main categories: 
semiconductors, metallic composi- 
tions and mixed valence compounds. 
Thermoelectric materials show prom- 
ise for power generation and refrig- 
eration. (For more information on 
thermoelectric materials, see M/DE, 
Mar ’58, p 118 and Nov ’58, p 158.) 


Rigid Urethane Foam 
Is Fire Resistant 


Rigid, fire resistant polyurethane 
foams can now be made from a new 
series of polyester resins with fire 
resistance properties built right into 
the resin. Previously, polyurethane 
foams were made fire resistant by 
using additives in the foam formu- 
lation. 

The resins are available from 
Hooker Chemical Co., Products De- 
velopment Dept., Box 344, Niagara 
Falls, N. Y. The first resin in the 
series, Hetrofoam 10, sells for 75¢ 
per lb in carload lots. 

Potential uses 

Possible uses suggested by the 
company for foams made of the 
resins include: 

1. Thermal insulations for use at 
temperatures up to 350 F. 

2. Commercial and military boats. 

8. Cores for special honeycomb 
structures such as fire doors, refrig- 
erator doors and_ transportation 
equipment. 

4. Radomes. 

5. Potting and encapsulating com- 
pounds for electrical parts where 
fire resistance would be of advan- 
tage. 

Properties 

Fire resistance—A polyurethane 
foam with a density of 2.5 lb per 
cu ft retains 50% of its room tem- 





SOURCES of most engineering mate- 
rials can be found in the second edi- 
tion of M/DE's Materials Selector 
reference issue, published last Octo- 
ber. Properties of all materials are 
also given. 
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NOW: Higher strength costs you less! Specify TENZALOY*, the self-aging aluminum 
alloy that needs no heat treatment! TENZALOY is a corrosion resistant aluminum alloy that ages 
at room temperatures, gives high strength properties superior to those normally obtained only by 
solution treating, quenching and artificial aging. And these properties are stable, proved by con- 
clusive test data taken over a ten year period. No special foundry techniques are required. No 
fluxes. Castability is excellent with sand cast and plaster molds, and many permanent molds. 
TENZALOY will not“grow”. It takes a brilliant polish and anodizes clear white. Write for TENZALOY 
Bulletin No. 103 or call one of Federated’s 22 sales offices. Federated Metals Division, 120 Broadway, 


New York 5. In Canada: Federated Metals Canada, Ltd., Toronto and Montreal. 


FEDERATED METALS DIVISION OF 


*TENZALOY is one of a complete range of Federated aluminum casting alloys. These and hun- 
dreds of other quality controlled non-ferrous metal products are produced in the 11] plants of the 
Federated Metals Division. 
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TYPICAL 
CAVITY 


.250 DIA- + .9005 .0625 + 0005 

186 DIA-+ 0005 — .156+4 0005 

.062 DIA. .000s re 18785 + .0005 
T.1L.R. .0005 — a & ee 


—— 


| .875 + .001 


UNBELIEVABLY CLOSE TOLERANCES 


on graphite jigs and fixtures 
... but Speer can hold them! 


Here are a few examples— 

Concentricity of drill holes to .0OO6 T.!.R. 
Drilled holes as smal! as .0OS held to + .0O0Oos 
Depth of holes held to + .0O005 

Oblong or “pork-chop”" type cavities—liength and 
width held to + .OO1, depth held to + .0O0O0s 





Combine Speer’s superb machining skill with the wonders of Speer 
Graphite itself and you have the perfect solution to many high-temperature 
problems. Graphite actually gets stronger as it gets hotter . . . does not 
warp... will not split or break down under severe thermal shock. It is 
chemically inert and is not wet by molten metal or glass. Speer Graphite 
is the ideal material for many high-heat applications, such as transistor 
jigs, fusing positioners, honeycomb jigs, furnace fixtures, brazing jigs, 
glass-to-metal seals. 

BRING YOUR PROBLEMS TO SPEER! Years of experience in solving 
tough high-temperature forming and positioning problems with graphite, 
plus Speer’s unusual fabricating skill, provide hundreds of answers for the 
aircraft, electronics and powdered metals industries. Use THE Coupon... 
and get full information relating to your particular application problem. 


TELL ME MORE about Speer Graphite Jigs or Fixtures. This is my 





application: 


= 





Company 





Address 





City 
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Density, Ib/cu ft 





Tensile strength of polyurethane 


foam at various densities. 





800 





3 


Compressive Strength, psi 


. 8 
Compressive Modulus, 1000 psi 














Density, Ib/cu ft 


Compressive strength and com- 
pressive modulus of fire resistant 
foam at various densities. 


perature compressive strength at 
approximately 260 F. 

Moisture resistance—Foam made 
of the resin does not shrink or lose 
its strength after aging 42 days at 
158 F and 100% RH. 

Heat resistance—Room tempera- 
ture tests show that foam aged 84 
days at 194 F does not shrink or 
lose its compressive, tensile or flex- 
ural strengths. 

Weather resistance—A glass-rein- 
forced honeycomb core made of the 
resin does not change in dimensions, 
adhesive strength or tensile strength 
after outdoor exposure for two 
years, 

Solvent resistance—Foams made 








BAFFLE PLATES 


ROLLER NUMBER TAG 


GASKETS 


FORMED CLAMPS INSULATING BUSHING 


; hk ite 


BUSHING 


L 4 me see? ‘bea 
FORMED INSULATORS 


GOLF-CLUB FACINGS 


BINDER BUSHINGS 
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FIBRE -the low-cost insulation of 1001 uses 


Look what Diamond Vulcanized Fibre can do for you! 
And look what you or CDF can do with it! 


If you can keep high-quality fibre clear of its worst 
enemy—moisture—you have the best economical in- 
sulating material you’d ever want for high arc-resistance, 
non-tracking, and long-time dielectric strength. 


UNIQUE PROPERTIES + The high tensile, flexural, and 
impact strengths, the easy workability (ideal for screw 
machines), the Rockwell hardness (to R80), the light 
weight (half that of aluminum), the low cost, and the 
excellent electrical characteristics (arc-resistance up to 
150 sec.) of CDF Fibre make it a highly attractive 
basic insulation for cost-conscious designers and pur- 
chasing men. Put these properties to work in your 
product. 


FABRICATION FACILITIES - CDF has excellent and ex- 
tensive facilities and know-how for turning out finished 
Diamond Vulcanized Fibre parts—better and more 
economically than you can do it yourself. We meet 
your specifications and your production schedules, and 
save you time and money in the bargain. 

Send us your print or your problem, and we’ll return 
technical literature. For the phone number of the CDF 
sales engineer nearest you, see Sweet’s, Electronics 
Buyers’ Guide, and other directories. 

CDF makes Di-Clad printed-circuit laminates, Diamond Vulcanized Fibre, 


CDF products of Teflon, flexible insulating tapes, Dilecto laminated plastics, 
Celoron molded products, Micabond mica products, Spiral Tubing, Vulcoid. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE —fBeya4ef- COMPANY + NEWARK 25, DEL. 


For more information, turn to Reader Service card, circle No. 491 
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UNITCASTings 
solve 
difficult 
parts 
problem.. 


Foundry Engineering aids product development! 


This steel casting is another example of Unitcast’s ability 
to cope with unusual problems. As the main body of a 
new-type Pulsation Dampener for The National Supply 
Company’s oil field equipment, this casting had many 
tough end-use requirements. Basically, the part had to 
absorb shock, withstand corrosion, and hold hydrostatic 
test pressures up to 8,000 psi. The fewer the components 
in the part, the better the durability. 


The ideal solution, a one-piece steel casting, required 
accurate suspension of a huge core on a minimum 
number of points to produce a horizontal *‘tank’’ within 
consistent tolerances. One subsequent finishing problem 
involved economically “‘sealing’’ the core suspension holes 
by a method that would hold up in end use—plus 

pass radiographic inspection! 

Once again, Unitcast foundry engineering has helped 

a customer develop a new product for their well-known 
line. Why not call in Unitcast engineers on your 
product-development problems? Write today! 


UNITCAST CORPORATION, Toledo 9, Ohio 


In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 








SPECIFICATION 


Unitcast ae 
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from Hetrofoam 10 are said to re- 
sist most solvents. Tests show a 
foam withstands two weeks’ immer- 
sion in gasoline and No. 2 fuel oil 
without dimensional change or loss 
of strength. 


Cork-Silicone Gaskets 
for High Temperatures 


A cork and silicone rubber gasket- 
ing material has been developed for 
high temperature sealing applica- 
tions. The new material, called LC- 
800, is available from Armstrong 
Cork Co., Industrial Div., Lancaster, 
Pa. The cork-silicone rubber com- 
pound can be fabricated into lathe- 
cut rings, mats, sheets and die-cut 
parts. 


Polyester-Treated Wood 
Resists Wear, Stains 


Polyester-treated wooden seats, 
table tops, siding, wall panels and 
window sills are said to have good 
resistance to weather, stains and 
abrasion. The treated wooden parts 
are now available from Hartglas 
Co., 1302 Expressway Dr., Toledo 8, 
Ohio. 

As shown in the accompanying 
diagram, surfaces of treated parts 
are composed of a decorative layer 
sandwiched between two glass fiber 
layers. Polyester resin, applied 
under heat and a vacuum, pene- 
trates the glass fiber and decorative 
surface layers and 0.005 to 0.015 in. 
into the wood. 

A polyester-treated wooden speci- 
men, cut open to expose both end 
and side grain, was totally immersed 
in water for 24 hr and then dried in 


KPIS ISS SSS SA SSS 


wr iN 


R PHASE ENETRATION 


Penetration of polyester resin into 
surface layers and wood is shown by 
this schematic diagram. (Allied Chem- 
ical Corp.) 





Chicago Molded plastic licks 


corrosion problem...cuts cost, too 


This molded plastic part is an important component of a deep-well pump. 
For years it was made of brass and subject to the abrasive and corrosive 
effects of impure waters. How could it be improved? Would a plastic resist. 
this wear and absorb little or no water? That’s when the manufacturer came 
to Chicago Molded. Our answer—to injection mold it in linear polyethylene. 
Cost—only a small fraction that of brass, with finishing eliminated. We had 
an idea, too, that the smooth surface of the part would improve the efficiency 
of the pump. It worked just that way, and it’s good business at several 
thousand parts a year. We’re equally experienced at compression and transfer 
molding . . . practically every known plastic. Because of this we can make 
unbiased recommendations . . . provide the material and method that will 
assure utmost value to you. Perhaps custom molded plastics can solve your 
problem. Want to discuss it? Call or write . . . no obligation. 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1026 North Kolmar Avenue, Chicago 51, Illinois 


For more information, turn to Reader Service card, circle No. 488 
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Air and Oii Channels Die Cast 
No Costly Machining Necessary 


Die cast aluminum air drill 
handle manufactured by 
Production Die Casting for 
the Cleco Air Tools Division 
of the Reed Roller Bit Com- 
pany “i 








PRECISION DIE CASTING has 
helped manufacturers hold 
the price line in spite of 
steadily rising labor and com- 

Oy modity costs. This superior 

and economical method of 

fabricating component parts 
ad for trucks, automobiles, 


household appliances and 


I 
Su) many other products of wide 
(se Mas : application virtually elimi- 
F oa nates the necessity for costly 
Yaugirsw machining and finishing. 
The most flexible shapes are 
Drive beh gear : cast accurately to close toler- 
— ances ... ready for use. High 
Ce] tensile strength zine and 
aluminum alloys mean dura- 
bility. The die casting method 
means savings in time and 
money. 








Lawn edger blade guard 


om " 


Call or write: Production Die 
Casting Company, the South’s 
leading die caster. 


Sill cock 











Discover how die casting can 
help you cut costs. 


= 
PRODUCTION DIE CASTING COMPANY 


6502 RUSK AVE ° WA 3-4627 * HOUSTON 11, TEXAS 
Member American Die Casting Institute 


For more information, turn to Reader Service card, circle No. 520 
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Allied Chemical Corp. 
Impact resistance of treated wood 
is demonstrated when %-lb bottle 
dropped on its rim from 20 in. fails 
to make a dent in the surface. 


a heated building for 24 hr. The 
cycle was continued, and after five 
months no sign of film failure or 
delamination had appeared on the 
treated wooden specimen. 


Paper-Base Laminates 
Are Fire Resistant 


Four new fire resistant, paper- 
base plastics laminates have been 
introduced during the last few 
months for electrical applications. 
Two fire resistant laminates are im- 
pregnated with epoxy resins and two 
with phenolic resins. 

(continued on p 165) 


Paper-epoxy laminate developed by 
Continental-Diamond Fibre Corp. 
quickly extinguishes flame. 





@ When 35-year-old, nationally known 
Estwing Manufacturing Co. of Rockford, 
Ill., guarantees these handsome, 

newly designed curved claw hammers as 


unbreakable in normal use—they 


mean just that. 
Oecent OU Fyeollence It takes steel of the highest quality to 


produce a hammer that can live up to 

such a guarantee. As a result, Estwing 
You ngstown hot- rol ied specifies Youngstown Hot-Rolled 

Carbon Steel Bars as raw material for 


carbon bars the hammer’s one-piece head-handle 


forging. It’s never let them down. 


Wherever steel becomes a part of 
things you make, the high standards of 
Youngstown quality, the personal 
touch in Youngstown service will help 
you create products with an 


“accent on excellence’’. 





YOUNGSTOWN 


SHEET AND TUBE COMPANY 


Manufacturers of Carbon, Alloy and Yoloy Steel 
Youngstown, Ohio 


For more information, turn to Reader Service card, circle No. 384 
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DESIGNED IN 
-CELANESE 











Lionel Model RR Track System looks like the real thing 


Even the grain and the check marks of the ties are reproduced TYPICAL PHYSICAL AND CHEMICAL PROPERTIES OF FORTIPLEX 
° . . . . . . . . H H o ” 
faithfully in this roadbed—injection molded in Fortiflex, Peapedies of Panties SA" Satated te oe one 
the new Celanese linear polyolefin thermoplastic. PHYSICAL PROPERTIES ASTM METHOD = UNITS A-20 A-70 A-250 A- 
ny ; a ae P Melt Index .D-1238-52T — 0.2 OF 25 
Although rigid and form retentive, Fortiflex contributes Heat Distortion Temp. (66 psi). .D-648- °F. 185 185 180 
. r 7 - ee Brittleness Temp S - "A, —200 —180 —160 
sound deadening properties that virtually eliminate the Impact Strength, izod ft. Ib.fin. 23 18) 13 
: . “ (Ve x Ya" injection-molded bars) notch 
need for acoustical padding. Tensile Strength, 
? F : : , . ss Max., in. /mii D-638-52T psi. 3700 3600 3500 
Fortiflex is now available in two types: A and B—in a Elongation, First Tensile 
rena , paises P ; Yield Point D-638-52T % 25 25 25 
num er Of melt om exes to meet the spec ifie ations ol a variety Properties of Fortiflex “A” Not Affected by Melt Index 
of end use applications. For more information or test PHYSICAL PROPERTIES ASTM METHOD UNITS 
P ihe . . ' ' Density g/cc. 
quantities, return coupon. Celanese® For capitan... “p-542-50 nas 
Hardness, Shore D. . one -D-676-49T 
ere 7 . ~+..D-747-50 psi. 
Water Absorption D-570-54T %, wat. gain 
(Ye specimen, 24 hr. immersion G room temp.) 
Flammability D-635-44 in. /min. 1.0 
*Mold Shrinkage, length. . . ace 0.03 to 0.05 
0.02 to 0.04 


*Measured on injection molded tensile bar. Mold shrinkage depends on part design and molding conditions. 


Celanese Corporation of America, Plastics Division, 
Dept. 102-F, 744 Broad Street, Newark 2, N. J. 


Please send: more information on, test quantities of Fortiflex 


Fortiflex...a e@ plastic 


Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver. 
Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue, N.Y. 16 


Tile 


Name 
VLompeny 
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PROPERTIES OF EP-37 





PHYSICAL PROPERTIES 
Specific Gravity ’ 1.45 





Flammability... . Self-extinguishing 
Water Absorption (24 hr), % 
Vg In. Thick... . 0.33 
Y In. Thick ; oo 





MECHANICAL PROPERTIES 
Tensile Strength, psi. ... 20,000 
Impact Str (!zod notched), ft-lb/in...... 0.55 


Compr Str (flatwise), psi 28,000 
Flex Str (flatwise), psi . .26,000 
Bond Strength, psi..... ....1200 








ELECTRICAL PROPERTIES 
Dielec Str (step-by-step), v/mil. . 640 
Dielec Str (par., step-by-step, 

Vein. thick), kv 





are a i obs Sea 

Cond D48/50............... eeemee 
Dielectric Constant (1 mc) 

| ORE veh weslthie sae 

Cond D48/50 a eee 
Dissipation Factor (1 mc) 

Cond A.. ..... 0.032 


Cond D48/50. . 0.041 








PROPERTIES OF DILECTO XXXP-31EFR 


PHYSICAL PROPERTIES 








Max Cont Operating Temp, F............. 248 
Flammability. . ......Self-extinguishing 
Water Absorption (24 ee 0.35 









MECHANICAL PROPERTIES 
Tensile Strength, psi 




















Lengthwise.... 12,000 

Crosswise. ... Pe See 9500 
Flexural Strength, psi_ 

Lengthwise.... 23,000 

Crosswise...... 19,000 
Compr Str (flatwise), psi . .30,000 
Rockwell Hardness... ... aah a 

ELECTRICAL PROPERTIES 

Insulation Res, megohms.............1x 10 
Dielec Str (perp, short- time), v, mil. waco ee 
Arc Resistance, sec. ..... sia aa sical 
Surface Resistance, megohms.. ....++-100,000 
Dielectric Constant (1 mc).. siwstitedae 
Dissipation Factor (1 mc)............. .0.031 












1. Paper-epoxy laminates 
Formica Corp., 4614 Spring Grove 
Ave., Cincinnati 32, Ohio, has intro- 
duced a flame retardant, copper-clad 
paper-epoxy laminate. The material, 
called EP-37, is self-extinguishing. 
It does not blister when exposed 1 hr 
at 300 F or when immersed 15 sec 
in a 500 F solder bath. It has good 
dimensional stability, excellent in- 
sulation resistance and good punch- 
ability. A new adhesive secures the 





































You'll find them better for pressure if they're 















SHENANGO CENTRIFUGAL CASTINGS 


HATEVER the inside or outside pressures, Shenango 
centrifugal castings are better able to withstand them 


without failure. 


Parts cast by the Shenango centrifugal process are much 
tougher because their finer, pressure-dense grain avoids stress 
concentrations while providing greater strength, better elon- 
gation and freedom from such costly defects as sand inclu- 


sions, blowholes and such. 


Whether you need rings, rolls, sleeves, liners, bushings, 
bearings, mandrels or amy annular or symmetrical part... 
ferrous or non-ferrous .. 


to meet your requirements... 


do the job better! 

For informative bulletins on the answers to your tough 
problems, it will pay you to write now to: Centrifugally Cast 
Products Division, The Shenango Furnace Company, Dover, O. 






COPPER, TIN, LEAD, ZINC BRONZES 


MONEL METAL 


NI -RESIST 


For more information, turn to Reader Service card, circle No. 461 


. in whatever shape, size or dimension 


Shenango can do the job. And 


CENTRIFUGAL 
CASTINGS 






ALUMINUM AND MANGANESE BRONZES 
MEEHANITE’ METAL ALLOY IRONS 
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DESIGNERS’ CHOICE: Materials for 


HONEYCOMB SANDWICH STRUCTURES 


Honeycomb sandwich structures are com- 


posed of thin, high strength facings integ- 
rally bonded to light weight core material. 
The selection of materials to be used in such 
a structure is of primary importance in arriv- 
ing at a satisfactory design providing opti- 
mum performance. 

Figure | illustrates the three primary parts 
of this composite structure. 

~ Face sheet 


— Tg 


“e 


Expanded 
core 


Adhesive Ih 
impregnated ‘ 
scrim cloth 


= 


Face sheet 


Fabricated 
sandwich 
pane! 


Facing Selection 


Generally the facings in a sandwich struc- 
ture are selected in order to provide the 
highest compressive strength-to-weight ratio 
economically available in the size range un- 
der consideration. Examples of facings on 
successful sandwich applications are carbon 
steel in thicknesses of .030 to .050 for heavy 
duty flooring applications; aluminum alloy 
7075 T6 in thicknesses of .010 to .093 for 
flooring and highly stressed panel applica- 
tions, and porcelain enamel steel in 14 to 24 
gauge for exterior curtain wall applications. 
Other special applications have dictated the 


INFORMATION REQUEST 


Send to Hexcel Products Inc. Dept. “*“M" 
2332 Fourth Street, Berkeley 10, California. 


NAME 
TITLE 
COMPANY 
STREET 


ciTY = . ZONE STATE 


use of high temperature reinforced fiber 
glass-plastic skins, stainless steel skins, ce- 
ment asbestos board skins and similar mate- 
rials. In every case, the facing selection must 
meet the multiple criteria of economy, struc- 
tural efficiency, and process compatibility. 


Adhesive Selection 


There are now available to designers a num- 
ber of adhesive systems for attaching honey- 
comb core materials to high strength facings. 
Most high strength structural adhesives are 
based on various combinations of thermo- 
setting resins which provide structural integ- 
rity throughout the environmental conditions 
encountered. For lightly loaded panels sub- 
ject to less exacting environmental condi- 
tions there are a number of adhesives based 
on thermoplastic or elastomeric resins, some 
of which permit very economical sandwich 
fabrication. 


Honeycomb Core Selection 


Core materials are selected on the basis of 
structural performance, environmental re- 
quirements, and economy. 


APPROXIMATE COST—VARIOUS HONEYCOMB CORE 
MATERIALS ($ Per Cubic Foot) 





ALUMINUM 


a 





po STEEL 


5 50 500 
75 2.5 25 75 250 750 














10 ] 10 100 1000 


It can be seen that the cost of honeycomb 
core materials varies considerably. It should 
not be inferred, however, that the perform- 
ance of a particular core is measured by its 


cost. Figure 3 indicates the specific strength 
of the same honeycomb core materials illus- 
trating the differences in load carrying ability. 
400 





Compression 
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Shear 


TO) ae) a a 


Paper 
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8 














Range of Specific Strengths 


PS!/LB/Cu FT 


Aluminum Glass Stainless 


With proper selection of facing, adhesives 
and honeycomb core, the designer can achieve 
optimum structural performance with mini- 
mum weight. For example, a beam of steel 
plate weighing 68.6 lbs. can be replaced by 
a structural honeycomb sandwich beam of 
7.8 lbs. with the same deflection and strength. 


The design opportunities for honeycomb 
sandwich structures are apparent. 





Since World Wor Ii designers of air and 
space craft have made ever-increasing use 
of honeycomb in a great variety of structural 
and.non-structural applications. Honeycomb 
can be made from almost any material avail- 
able in continuous web or roll form, e.g., 
aluminum, glass fabric, cotton, stainless steel, 
paper, asbestos, titanium. In its cellular con- 
figuration, honeycomb is 97% air, 3% ma- 
terial. 


Honeycomb has intrinsic qualities of high 
strength, light weight, high ratio of surface 
area to volume and other specific properties 
which depend upon the type of material 
used. These combinations of properties, which 
have given honeycomb wide application in 
air and space craft, offer to designers in in- 
dustry generally unique opportunities in 
product design. In the interest of advancing 
this knowledge of honeycomb, Hexcel, 
through its research and development staff 
(the industry's largest), has prepared this in- 
formational series. Should you desire addi- 
tional technical information or copies of 
others in this series, please complete the in- 
formation request form on this page. Your 
request will receive immediate attention. 











HeExXC EL. pPrRopucts INC. 


World leader in honeycomb 


Executive offices: 2332 Fourth St., Berkeley, California 
Plants: Oakland and Berkeley, California; Havre de Grace, Maryland 
Sales offices: Inglewood, Calif.; Fort Worth, Texas; Long Island City, N. Y. 5475 


For more information, turn to Reader Service card, circle No. 434 
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copper cladding to the base laminate 
so that EP-37 offers greater resist- 
ance to plating solutions. 

Dilecto XXX P-31EFR is the name 
given to a new XXXP flame retard- 
ant paper-epoxy laminate now com- 
mercially available from Continental- 
Diamond Fibre Corp., Newark, Del. 
The laminate is also available as 
copper-clad sheets (Di-Clad 31EFR). 
According to the developer, the ma- 
terial is unusualiy flame retardant 
and remains rapidly self-extinguish- 
ing after five ignitions. The lami- 
nate has good resistance to humid- 
ity, has good cold punching proper- 
ties, and is much lighter than glass- 
epoxy laminates. 


2. Paper-phenolic laminates 


Good flame retardance and good 
self-extinguishing properties char- 
acterize a new paper-phenolic lami- 
nate introduced recently by Synthane 
Corp., Oaks, Pa. The laminate, 
designated Grade FR-l, is recom- 
mended for use in electrical appli- 
cations where good mechanical prop- 
erties are required. 

National Vulcanized Fibre Co., 


PROPERTIES OF FR-1 





Max Cont Operating Temp, F 
Flammability, sec 
Ignition Time 
Burning Time 
Extinguishing Time 
Flexural Strength, psi 
Lengthwise 
Crosswise 
Insulation Re. (cond_D96/°5), megohms 





PROPERTIES OF XXXP-475 





PHYSICAL PROPERTIES 
Specific Gravity 1.33 
Flammability, sec 2 
Water Abs (cond E1/105, then 024/23), % 
Ys In. Thick 0.39 
¥ In. Thick 0.20 
MECHANICAL PROPERTIES 
Flexural Strength, psi 15,000 
Impact Str (Izod notched), ft-Ib/in. .. 0.40 
Rockwell Hardness M106 
ELECTRICAL PROPERTIES 
Dielec Str (par., step-by-step, ¥% in. thick), kv 
Cond A 63.3 
Cond D48/50 45.0 
Dielectric Strength (cond A), v/mil 805 
Insulation Resistance, megohms 
Cond A...... >25 x 105 
Cond C96/35/90 13 x 10 








Fluoroflex-T expansion joints molded 


: from Teflon® stand higher 


dynamic pressure 


Wide pressure range —full vacuum, too 
Unequalled flex life — through special Teflon compound 


Molded — not machined — for undamaged grain structure 
and interior convolutions that don't fatigue and crack 


Corrosion-proof — universally useful with all fluids, all piping 


Fluorofiex-T bellows and flex joints are made of a special high 
density compound... Teflon at its best. Molding assures the 
optimum tensile and fatigue strength. 
RESULT: Twice the burst strength, after flexing . . . 20 to 30 
times the flex life of ordinary bellows machined from Teflon! 
Chemically as well as physically durable, Fluoroflex-T bel- 
lows are inert to virtually all known chemical and corrosive 
solutions. 
Investigate their full advantages—write for Bulletin B-1. 
RESISTOFLEX CORPORATION, Roseland, New Jersey. Southwest- 
ern Plant: Dallas, Texas. Western Plant: Burbank, Calif. 


® Fluoroflex is a Resistoflex trademark, reg., U.S. pat. off 


® Teflon is DuPont's trademark for TFE fluorocarbon resins. Dept. 259 


For more information, turn to Reader Service card, circle No. 396 
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“NEWS 


from Torrington on 
SMALL PRECISION 
METAL PARTS 





“Custom manufacture” has a special 
meaning at Torrington, where our Spe- 
cialties Division produces a tremendous 
variety of small precision metal parts. 
For our engineers often help in designing 
parts for our customers, and as frequently 
develop special equipment or methods for 
most efficient production. 

For example, one of our current con- 
tracts is for jewelers’ screwdriver blades. 
In this case, our engineers decided to 
swage these parts to give the required high- 
strength characteristics without stress 
concentration points and tool marks. 
Other features of these parts are good 
dimensional accuracy and closely con- 
trolled heat treating for hardness and 
temper. 


In another case, we received a blue- 
print of a special pinion axle with an 
accurately cut retaining ring groove at 
one end. The customer inquired whether 
this part could be produced at about the 
same price as a straight cylindrical axle 
with an uninterrupted OD. The answer 
was “‘Yes!”’ Specialties engineers decided 
that high-speed cutoff and groove-turning 


The Torrington Company, Specialties Division, 


DOUBLE END BLADES 


D = .024” to .060 
L = 5/8" to2 


JEWELERS’ BLADES 


D = .098” to .1875 
B = .025” to .100 
L = 1-9/16" to3 
T = .004’ to .015 














equipment would have to be built to cope 
with the high volume involved. Special 
pinion axles have now joined the great 
number of parts being produced by 
Torrington Specialties Division. 
Whatever the part, whatever the oper- 
ation—even operations tailored to the 
part requirements— Torrington’s Spe- 
cialties Division is uniquely equipped to 
handle your small precision parts con- 
tracts. Highly specialized fluting opera- 


tions, for example, permit volume produc- 
tion to close tolerances. Precision swag- 
ing, knurling, forming, milling, drilling 
are among other operations for which we 
are fully equipped. Advanced heat treat 
and statistical quality control methods 
help provide the quality product you 
require. 

For help with your custom-built small 
precision metal parts in large quantities, 
just circle our number on the reply card. 
Or have your Purchasing Agent call our 
area salesman, or write direct to: 


777 Field Street, Torrington, Conn. 


TORRINGTON SPECIAL METAL PARTS 


Makers of Torrington Needle Bearings 


For more information, turn to Reader Service card, circle No. 460 
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1059 Beech St., Wilmington 99, Del. 
has introduced a flame retardant 
paper-phenolic laminate for printed 
circuits. The laminate, called XXXP- 
475, has low moisture absorption, 
high insulation. resistance and good 
punching properties. It is supplied 
as standard sheets and in copper- 
clad form. The laminate does not 
blister after 9-sec exposure to a 
500 F solder bath. 


Aluminum Nitride 
Resists Molten Metals 


Dense, homogeneous, nonporous re- 
fractory shapes of pure aluminum 
nitride have excellent resistance to 
molten aluminum at temperatures 
up to 2600 F, recent research indi- 
cates. Molten iron and silicon have 
no effect on the material at tem- 
peratures up to 3100 F. The re- 
fractory shapes also have good re- 
sistance to temperatures over 3600 F 
in an atmosphere of nitrogen, and 
good electrical properties at tem- 





Which side is up?—Taylor 
Fibre Co., Box 471, Norristown, 
Pa. is using color facings on its 
line of paper-base laminated 
plastics parts as a quick, posi- 
tive way to tell one side of a 
laminated plastic part from the 
other. Parts such as the washer, 
capacitor plate and capacitor 
bases shown here can be faced 
in ten different color combina- 
tions. The laminate bars in the 
middle row have colored liners 
for identification. 
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At your service...world’s largest synthetic rubber 
capacity...plus widest selection of polymers 


Here’s good news for tire makers and other rubber 
processors. Goodrich-Gulf is now an even more ver- 
satile source of SBR rubber. Our wide selection includes 
hot polymers, cold polymers, oil-extended polymers 
and a new type, Ameripol Micro-Black masterbatch. 

Production lines are geared to turn out 15 million 
pounds a month of Micro-Black, a high-performance 
rubber with carbon black thoroughly dispersed for 


maximum resistance to abrasion. This new material 
promises as much as 15% longer tread wear in tires. 

With plants at Port Neches, Texas, and Institute, 
West Virginia, Goodrich-Gulf offers the world’s largest 
production capacity for synthetic SBR rubber. For 
information on new Ameripol Micro-Black . . . its 
properties and applications ... write for fully illus- 
trated brochure. 


Goodrich-Gulf Chemicals, Inc. 


3121 Euclid Avenue, Cleveland 15, Ohio 


For more information, turn to Reader Service card, circle No. 499 








For more information, turn to Reader Service card, circle No. 430 


PROPERTIES OF ALUMINUM NITRIDE 





Density, Ib/cu in. 0.090 
Hardness (Mohs) 5 
Coef of Ther Exp (32-1800 F),per°F .6.5x 10-6 
Ther Cond (212 F), Btu hr /sq ft/°F /ft 5.8 
Autronex Gold Plated transistor temperature, and produces deposits — a 2x 102 
headers were suspended in C.P.—4 _ which are mirror-bright in any thick- whe . 
solution (nitric, acetic and hydrofluoric ness. AUTRONEX electroplates also 1800 F 2x10 
with bromine) for several hours...the offer approximately 75% greater resist- 2700 F 3x 10° 
header’s glass seals dissolved, the Gold ance to abrasive wear over conventional 
Plate remained intact. Gold plate. 
This dramatic experiment, carried out For complete details on uses, bath prep- eratures to 2700 F. 
by one of the country’s prominent aration, equipment required, etc., ask Paes Sp Se 
manufacturers of semiconductor pro- for #EG-1. The refractory parts were made 
ducts, demonstrates some of the by new bonding and fabricating 
ee anes ts te AUTRONEX EASILY PASSES ALL RIGID techniques developed recently in 
c t renee 
AUTRONEX ACID GOLD PLAT. PERFORMANCE-ACCEPTANCE TESTS France. 
a PROCESS—for all industrial @ SALT-SPRAY TEST Properties 
applications. ‘sts results, ¢ ad by J tey 
The simple to prepare bath is mildly ¢ MANDREL-BEND TEST ; - ph “a f — 7. a 
acidic (pH 3.5—4.5), operates at room * BOILING WATER TEST ig —eaerreenigy Aeoa  Naags Aang 5 
of Silicates Industriels, show that 


PRECIOUS METALS DIVISION the refractory shapes have good 
SelRos. SEL-REX CORPORATION thermal shock resistance and excel- 
. 


NUTLEY 10, NEW JERSEY lent resistance to most chemicals. 





“Menvtacturers of Exclusive Precious Metals Processes, Metallic Power Rectifiers, Airborne e ee: eee teeta eae 
Power Equipment, liquid Clarification Filters, Metal Finishing Equipment and Supplies 4 M. Pearson, show that dry steam 





has no effect on the material at 
temperatures up to 930 F. Water 
causes the material to disintegrate 


slowly, giving off ammonia and 
ACUSHNET SPECIALIZES IN forming hydrated alumina. Chlorine 
gas attacks the material at a tem- 
perature of 1100 F; air, oxygen 
PRECISION RUBBER MOLDING and carbon dioxide at 1400 F; car- 
bon at 2200 F; and carbon monoxide 

mast ——s 


at 2700 F. Hydrogen gas has no 
effect on aluminum nitride. Alkaline 
glasses react with the material at 
a temperature of 2900 F; borosili- 
cate glasses react at 3000 F. 
How parts are made 
Refractory shapes are made by 
reacting finely powdered aluminum 
metal and a non-aqueous organic 
agglomerating agent with aluminum 
nitride crystals at 2600 F. Parts are 
shaped from this material in steel 
molds heated to about 180 F under 
Complex or conventional in design, your a pressure of 2 or 3 tsi, hardened 
rubber part can be precision-molded by at 840 F in an oxidizing atmos- 
Acushnet with properties to meet the most phere, and fired at 2500 F in a ni- 
exacting specifications. Our entire facilities trogen atmosphere. 
and specialized engineering skills are con- 
centrated on the development and production Beryllium Oxide Parts 


of precision-molded rubber parts - to order. Usable up to 4600 F 


Send for your copy of the Acushnet Fabricated, fired and extruded 
“Rubber Data Handbook” a comprehen- shapes of beryllium oxide, now com- 
i c f inf ti idel sed in : ys 

ai Ep taggers Mlents- tte: mae age: Brenna mercially available, can be used at 
industry as an authoritative reference for . 


PROCESS CO. molded rubber parts. temperatures up to 4600 F without 


Address correspondence to 750 Belleville Ave., New Bedford, Mass damage. Introduced by National 


bor more information, turn to Reader Service Card, circle No. 425 
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largest stainless steel plates 
ready for processing at Carison 


...world’s 


— Carlson service is a cooperative venture 
that gets practically impossible jobs done. The proc- 
essing and finishing of these, the world’s largest stain- 
less steel plates, is an example of such teamwork. 

As this was a “‘first time’”’ job, the most careful plan- 
ning and coordination had to be exercised. Oversize 
ingot molds and a 70-ton capacity furnace had to be 
used. It took the country’s largest plate mill to roll the 
ingots to slabs, the slabs to plates. The finished plates, 
cut-to-shape by Carlson specialists, met every cus- 
tomer requirement. 

These huge plates, of Type 304 stainless steel, were 
made to Specification A-240 Grade S (ASTM A240-T). 
Each plate weighed over 49,000 pounds; one measured 
461" x 179”’ x 2”; the other 451”’ x 184”’ x 2’’. Destined 


for a nuclear application, these plates were flame-cut 
and abrasive-cut to make two half-circles. The entire 
order totaled nearly 100,000 pounds. 

Cooperation made this ‘‘colossus”’ a success—coopera- 
tion under the knowing eyes of Carlson specialists. This 
same team is ready to work on your order. We invite 
you to write, wire or phone for further information. 


GOGEVBESOM Le 


126 Marshalton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


PLATES * PLATE PRODUCTS © HEADS «+ RINGS « CIRCLES « FLANGES « FORGINGS « BARS and SHEETS (No. 1 Finish) 


For more information, turn to Reader Service card, circle No. 427 
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For almost every 
hardness testing requirement 


There’s a Wilson “Rockwell” 
instrument to do the job 


Wilson “Rockwell” Hardness Test- Wilson ‘‘Brale” 
ers can help make your products Diamond Penetrators 


better, stronger, longer lasting. " 
They give reliable results on the give Perfect Readings 


production line, in laboratories, in A perfect diamond pen- 
tool rooms, and in inspection de- etrator is essential to 
partments. They’re as easy to use accurate testing. Only 
as a center punch, as durable as a flawless diamonds are 
machine tool, as sensitive and ac- used with Wilson 
curate asa precision balance. That’s “Brale” penetrators. 
why Wilson “Rockwell” is recog- Each diamond is cut to Electronic parts, as well as nuclear 
nized as the world’s standard of an exact shape. Micro- reactor and missile parts, are some 
hardness testing accuracy. scopic inspection and a potential applications for beryllium 
comparator check of each dia- oxide shapes. 
Write for Catalog RT-58. mond—one by one—assure you 
It gives complete details on of accurate hardness testing 
the full line of Wilson hard- every time. Beryllia Corp., 4501 Dell Ave., 
ness testing equipment. N. Bergen, N. J., the shapes are 
called Berlox. 

Potential uses include waveguide 
windows, pyrometer sleeves, electron 
tube spacers, heat exchangers and 

“ROCKWELL” nuclear reactor parts. 
HARDNESS TESTER 
for most hardness 
TWINTESTER _ testing functions 


combines functions 
of “Rockwell” and 





Vinyl Fluoride Film 


“Rockwell” | | i i 
cRocha ors , Resists Weathering 


Limited production has begun on 
a transparent polyvinyl fluoride film 
that is said to have outstanding 
weathering characteristics together 
with excellent chemical resistance 
and good mechanical strength. The 
product was first announced about a 
year ago by E. I. du Pont de Nem- 
ours & Co., Inc., Film Dept., Wil- 


“ROCKWELL” mington 98, Del. (see M/DE, July 
SUPERFICIAL TESTER , 
for extremely shallow 58, p 136). , 
indentations | The material, called Type R film, 


is supplied in widths from 42 to 50 
in., and in thicknesses from 1 to 4 
mils. Introductory price is $5 per lb. 
Properties and uses 
Specimens of unsupported film 
for geciliian aaieas have not embrittled or discolored 
and macro testing after 10 years’ exposure in Florida, 
and researchers predict that the film 
applied as a finish on laminates will 


wae me have a useful life more than double 
AUTOMATIC—semi and fully automa’ 

models for automaticaly classifying tested that of unsupported film. 

pieces at rates to 1,000 pieces per hour The plastics film has excellent re- 


sistance to such highly reactive 


AN ta chemicals as sulfuric acid, sodium 
AMA LSON ROCKWELL hydroxide and carbon tetrachloride. 
The new film is non-plasticized, and 
Acco is usable in products exposed to tem- 
HARDNESS TESTERS {n° 2:2. ‘trom “100 t'250 F. 


° P er * Type R film appears promising 
Wilson Mechanical Instrument Division for glazing applications because of 


American Chain & Cable Company, Inc. its toughness and unusually long out- 
230-E Park Avenue, New York 17, New York . door life. It can be vacuum metal- 


For more information, turn to Reader Service card, circle No. 408 
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Can ) parts this long be barrel finished? 





Yes! With A.Lmco’s efficient, versatile 
barrel finishing equipment, the 93 inch 
wing spar above was finished in a two 
hour time cycle. Thirty inches long at the 
wide end and 8 inches thick, the spars are 
finished two at a time in a special ALMCO 
unit at McDonnell Aircraft Corp., St. 
Louis, Missouri. Previous hand methods required 
many additional hours of finishing time and it was 
difficult to maintain uniformity of the parts. 

These aircraft wing spars are barrel finished to 
blend in radii and improve micro-inch finish on other 
surfaces through use of ALMco Supersheen media and 


: Supersheen : 
System 
SUPERIOR mMacmints 
AnD METHODS FOR 


POWER BARREL 
FISHING 


Note “machining 
ridges” on 
foreground 
spars, prior to 
Almco Barrel 
Finishing. 
Supersheen 
Aluminum Oxide 
chips with Almco 
#10 compound 
are used in 

2 hour finishing 
cycle. 


burnishing compounds. All surfaces receive the same 
treatment—rejects due to imperfect finishing are 
eliminated. Tremendous labor savings are made by 
using ALMCO’s modern barrel finishing methods. 
ALMCO’s modern machines and methods—the Su- 
persheen System—may help you achieve vital costs 
savings too. At ALMCO you receive trained counsel 
for your finishing problems. . . free sample processing 
in ALMCo’s modern labs. . . skilled guidance in select- 
ing the proper standard or custom-designed ALMCO 
machines and methods. Write today on your letter- 
head asking for an ALMCO sales engineer to call. Or 
send parts direct to ALMco’s lab with specs required. 


NEWS ABOUT ALMCO'S | 

NEW PRODUCTS! 8 

New brochures now ready on B= ~ 
Almco spindle machine, Vibrasheen, a ee 
other cost saving units. Price list SS Aumea. — 
on Almco compounds and media ‘ae ge ‘ Rigg 


included. Send for your Almco Album 
of New Products today! 


ALMCO 


Queen Products Division * King-Seeley Corporation 
36 Front St. * Albert Lea, Minnesota 
Sales and Engineering Offices in Chicago, Detroit, 
Los Angeles, Newark, New Haven and Philadelphia 


IN ENGLAND: Almco Division of Great Britain, 
Ltd., Bury Mead Works, Hitchins, Herts, England 
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METAL BONDED TO PLYWOOD 


| oe Soe 8 OG 





20066 gaeeeaecarct 





Plywood laminated with vinyl fluo- 
ride film (left) has not embrittled or 
discolored after 3000-hr exposure in 


. UCT ea d RISER , : | a Weatherometer. Painted wood 
- 4 ; specimen (right) cracks and peels 


ee after 506-hr exposure in the same 


| lized and thermoformed, and can be 
° ° laminated to plastics, metals and 
... faster, cleaner installation Gham iene, Gn es ees oe, 
° a cellent dimensional stability and me- 
eee lasting finished beauty chanical support at processing tem- 
en ese “ ‘ peratures as high as 330 F when 

eee complete accessibility laminated to reinforced plastics. 
As a dielectric, Type R film offers 
a unique combination of properties, 
including a dielectric constant of 7.5 





Installing Met-L-Wood riser enclosures, air 
ducts, convector covers and paneling benefits 
everyone connected with the job: pn : 

Architects and contractors plan on sub- at 68 F and 60 cps, goed remstence 
stantial installation time savings and know } - Cheruant degradation, and high 
that smooth, uniform Met-L-Wood needs only f[ dielectric strength. 
paint to finish after installation. Other caer contemplated for rand 

Building management not only gets a clean film include industrial and decorative 
durable installation, fast; but is also assured tapes, signs and decals for outdoor 
of low-cost accessibility to pipes and other 
equipment without enclosure replacement ——~ 
expense. — Polyethylene Foam Is 

Met-L-Wood units are pre-formed, ready , ft 
to install with minimum labor. When finished, Lightweight, Flexible 
Met-L-Wood sections match perfectly with 
conventional walls and ceilings. 

Whether you plan new construction or 
remodeling, write for literature now and 
learn all the advantages and economies you 
gain with Met-L-Wood. 














applications. 





A flexibie, low density polyethylene 
foam is being marketed in limited 
quantities by Dow Chemical Co., 
Midland, Mich. Density of the mate- 
rial is about 2 lb per cu ft, or 30 
times lighter than water. The foain 
is available in 9-ft lengths in round 
® stock, flattened ovals and untrimmed 

planks at a price of 22¢ per bd ft. 

Vi I Is I - VW {) {) 1) 6755 W. 65th Street Development engineers say that 
Chicago 38, Illinois flotation, fabricated parts such as 

C ORPORATIO-N gaskets, and thermal insulation ap- 
pear to be among the major fields 
of application for the material. Early 
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... economical alternative for 
solid and clad metals and alloys 


Kanigen’ 


Stainless Steel Reactor Tube Bundle— 
Inside of tubes, outside of tube sheet and hub 
Kanigen plated to reduce the danger of 

stress corrosion cracking. 


KANIGEN, General American’s unique process 
for chemical nickel alloy plating on most metals 
and alloys, offers an opportunity for large savings 
on chemical equipment. 


KANIGEN makes possible the use of inex- 
pensive basis metals for tankage, valves and 
piping, storage and reaction vessels. It is par- 
ticularly satisfactory for austinitic stainless steels 
when stress corrosion cracking is a problem. 


Complex shapes that vary in size from a 20,000 
gallon tank car to a tiny control valve can be 
given a uniform coating of the required thickness 
with Kanigen. Coating may be done by rack, 
jig or barrel methods. 


You can get KANIGEN chemical nickel alloy 
plating from General American at Sharon, Pa.; 
East Chicago, Ind.; or Compton, Cal., and from 
licensees in many cities. For detailed informa- 
tion or technical advice, call orwrite. You’ll find... 
IT PAYS TO PLAN WITH GENERAL AMERICAN, 


KANIGEN is a trademark which identifies chemical 
nickel coating by General American Transportation Cor- 
poration and its licensees, the product resulting therefrom 
and compositions produced by them for use in chemical 
nickel coating. 


Write for Technical Bulletin #258 


“KANIGEN 


KANIGEN DIVISION 


GENERAL AMERICAN TRANSPORTATION 


135 South LaSalle Street * Chicago 90, Illinois 


\( ly CORPORATION 


TRADE MARK 


For more information, turn to Reader Service card, circle No. 436 
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INTER-LOCKING FEATURE 
OPEN 
CHANNEL READY FOR USE 


U. S. PAT. 2,288,329 


---INTER-LOCKING -- 
FEATURE 


INTER-LOCKING FEATURE 


CLOSED 
ASSEMBLY COMPLETED 








Self-Locking Rubber Channel 
for Mounting Glass in Body Panels 


body panel. All details are shown 
in illustrated brochure gladly sent 
on request. 

Ordered and re-ordered by the 


Its one-piece design locks and seals 
in one operation. No extra locking- 
strip needed. It’s the faster, sim- 
pler method for mounting glass in 
any type body panel—truck, trail- 
er, bus, boat, train, plane, etc. 


Extruded with inter-locking fea- 
ture at direct right angle to body, 
the Continental Channel permits 
unhampered insertion of glass. 
Locking tongue is pressed into its 
matching groove which forces the 
lips against doth the glass and body 
panel—a more positive seal with 
exceptional push-out pressure. 

Compounded for maximum 
weather resistance and extra long 
life. Close durometer tolerances are 
held for uniformly tight seal against 
moisture and surest possible lock- 
ing. These rubber channels can be 
positioned first on either glass or 


most prominent body builders, 
this Self-Locking Channel is an- 
other example of the creative 
thinking and ingenuity behind 
rubber parts by Continental. When 
you need rubber parts to do a 
specific job, call a rubber specialist 
during the planning stage. This 
often makes for economy as well as 
better end results. Call Continental 
—rubber specialists since 1903. 
Engineering catalog. 

In addition to custom-made parts, 
Continental offers an extensive line of 
standard grommets, bushings, bump- 
ers, rings and extruded shapes. Hun- 
dreds of these are shown in the No. 
100 Engineering Catalog. Send for a 
copy or refer to it in Sweet’s Catalog 
for Product Designers. 


Willer wtivemed in fP OBLLLR 
©) eginend 4 CONTINENTAL 


CONTINENTAL RUBBER WORKS + 1985 LIBERTY ST. + ERIE 6 + PENNSYLVANIA 
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market development of the odorless, 
closed cell product has included such 
flotation items as water ski beits, 
lifebelts, boat bumpers, kickboards 
and marine toys. 

The foam has good shock absorb- 
ing properties, low water absorp- 
tion, good solvent and chemical re- 
sistance, and low moisture vapor 
transmission rates. 

The material may be adhered to 
itself by the use of heat, or to other 
materials by the use of adhesives. It 
is easily fabricated with conven- 
tional woodworking or power tools. 


Polyester Resin Wets 
Glass Fibers Quickly 


A polyester resin that cures rap- 
temperatures, wets 
and _ resists 


idly at room 
glass fibers 
sagging when 
surfaces has been developed by Rohm 
& Haas Co., Plastics Dept., Wash- 
ington Sq., Philadelphia 5. 
producer, the 


quickly, 


applied to vertical 


According to the 
reactivity of the resin, called Para- 
plex P-463, is such that only rela- 
tively small additions of catalyst are 
needed to effect complete cure. It is 





Testing glass-coated steel— 
A technician uses a new elec- 
tronic instrument to test glass 
continuity in a large glass- 
coated steel vessel. A neon light 
in the handle of the unit flashes 
on when the probe passes over 
areas of uncoated steel. The 
instrument, was developed by 
Pfaudler Co., Div. of Pfaudler 
Permutit Inc., 1091 West Ave., 
Rochester, N. Y. 














The difference’?... 


CORROSION PROTECTION 
with SOLVAY SODIUM NITRITE 


Sodium nitrite protects steel—whether it is in the 
fine strands of steel wool, or in plates, pipes, or in 
machined parts such as gears. The only difference 
between the specimens shown above is that the 
beaker on the left contains a low cost .1% concen- 
tration of SoLvay Sodium Nitrite. 


Sotvay Sodium Nitrite forms an invisible gamma 
oxide protective film that keeps metal surfaces cor- 
rosion-free. You can easily dip or spray it in solu- 
tion, or add it to circulating water systems. Effective 
with steel or iron, it also reportedly suppresses 
degradation in aluminum, tin, monel, copper and 
Sodium Nitrite * Calcium Chloride « Chlorine ¢ Caustic Soda * Caustic Potash 
Chloroform « Potassium Carbonate ¢ Sodium Bicarbonate Vinyl Chloride * Methyl 
Chioride * Ammonium Chloride « Methylene Chioride * Monochlorobenzene 
Soda Ash « Para-dichlorobenzene « Ortho-dichlorobenzene * Carbon Tetrachloride 


Ammonium Bicarbonate * Snowflake® Crystals « Aluminum Chloride * Cleaning 
Compounds * Hydrogen Peroxide * Mutual Chromium Chemicals 


Allied | 
hemical| SOLVAY PROCESS DIVISION 


L tae 61 Broadway, New York 6, N. Y. 
SOLVAY dealers and branch offices are located in major centers from coast to coast. 


brass. Where a more moisture resistant film is re- 
quired, it can be combined with phosphates. 


Write for test sample and full facts on SoL_vay 
Sodium Nitrite’s many anti-corrosion applications. 


Mail now for sample, information! 


a 


SOLVAY PROCESS DIVISION 
61 Broadway, New York 6, N. Y. 


Please send me without cost: 
() Test sample of SoLvay Sodium Nitrite 


(1 Booklet—“Sodium Nitrite for Rust and 
Corrosion Prevention” 


Name 


Position 











Company_ 
Phone 
pS : = , 

Pp rg 


 _—— aw Zone State ___ a 


SD enenenendunensentitemendeenmenenmneniniantiaes 








SS SS OS OD 
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- TINIUS OLSEN Gives You 
Your Choice 


HYDRAULIC LOADING PROPERTIES OF 


POLYESTER-GLASS LAMINATE* 








SUPER “L” Tensile Strength, psi 15,200 
ensi 2 
UNIVERSAL TESTING MACHINES . Flexural foneh oe 28 200 


. , ‘ 7 : Notched Izod Impact Str, ft-lb in 14 
@ Infinitely variable testing speeds > Modulus of Elasticity, 10° psi 10 


from 0 to 3 in./min. Barcol Hardness 55 





50 to 1 ratio of testing ranges H } | aParaplex P-463 resin content 69%. 
SelecSrange Indicating System 


oat 4 im ees ae expected that the product will be 
ee — 30,000 to | p used for the manufacture of glass- 


reinforced boat hulls and accessories. 
Standard or DeLuxe wide clear- 
ance models 


Write for Bulletin 47. - 4 re pat Process for Making 
Glass-Plastics Parts 


A continuous process for produc- 
ing low cost glass-reinforced plas- 
tics parts has been developed. Ac- 
cording to the producer, the cost of 
processing a glass-reinforced boat 

Elecématic or panel (glass content of 40%) 
UNIVERSAL TESTING MACHINES averages about 50¢ per lb of mate- 


- . P , rial, including labor and material 
@ Positive, infinitely variable test- 


ing speeds maintained auto- 
matically under load 


costs. 

The air operated machine is de- 
signed to spray 1) a continuous 
Unlimited stroke glass fiber without chopping it into 
100 to | ratio of testing ranges short lengths, 2) liquid resins swith- 
(Up to 4000;1 with XY model) out introducing air, and 3) fillers 
SelecBrange Indicating System such as sawdust or ground cork. 
Capacities from The device is capable of spraying 


9 oo ¥ y hr. 
4 ne 2000 lb of material pe 
500 to 400,000 ths The machine, called Spray Molder, 


was developed by Fiberlay, Inc., 
Write for Bulletin 54, 1158 Fairview North, Seattle, Wash. 
It costs $3,995 or may be rented at 


Two or four screw design 


Both of these basic series—Super ‘‘L'' and ElecSmatic, offer 
the unmatched advantages of the exclusive Selecdrange In- 
dicating System— instant change of ranges under load, com- 
mon zero, color coded range identification, full 28-inch 
diameter dial with glare-free illumination, among other 
important features. Electronic recorders are available plus 
the largest selection of strain instrumentation for producing 
accurate stress-strain curves. 

Whether you choose a Super ‘'L"’ or an ElecBmatic you 
are sure of foolproof accuracy, and simple, maintenance- 


free operation. 


TINIUS OLSEN 


TESTING MACHINE COMPANY < Bite. — 


Spraying resin, glass fibers and 
ground cork with a new continuous 
Testing and Balancing Machines preforming device. 


2010 EASTON ROAD ° WILLOW GROVE, PA. 
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Making ‘3-in. edge’ extrusions 
with die of Cromo-WV : 


A manufacturer in the Southeast needed a long wearing hot-work tool 


steel to produce a “3-in. edge” extrusion made of aluminum. They 
talked it over with our local tool steel distributor who recommended 
making the die from a Bethlehem Cromo-WV upset-forged dise. 


It was a good choice. The dise machined readily, and was easy to 


heat-treat. Hardened to Rockwell C47, the die extrudes 24 billets per 


hour, with brief stops for polishing. The life of the die is about 50,000 
lb of extruded metal. 

Cromo-WV, with its 5 pet chrome content, plus .30 pet vanadium, 
is a modification of our popular Cromo-W, the original 5 pet chrome 
hot-work steel. Resistant to heat checking, Cromo-WV also has good 
red hardness, and good shock resistance. 

Like to give Cromo-WV a try? Just call your Bethlehem tool steel 
distributor. You'll find he will handle your request promptly. 


peTH EHEN 


STEEL 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


Drilled Holes Are 
Not Round (Usually) 


Round holes which are drilled in tool steel 
stock with twist drills, if measured aceu- 
rately, are usually found to be: 1. out of 


round; 2. oversize (compared with drill 


> 


diameter); and 3. tapered throughout 
their depth. In other words a half-inch- 
diameter hole cannot be drilled with a 
half-inch-diameter drill. 

This condition results largely from me 
chanical “play” in the drilling equipment, 
although many other factors can exert 
considerable influence. For example, if 
the two ground lips which form the eut- 
ting edges of a twist drill are unequal in 
length, the drill will produce holes of ir- 
regular size and shape. 

The production of parts containing aec- 
curate round holes is most commonly ae- 
complished by rough-drilling the holes 
undersize, and then either reaming or 


broaching to obtain the desired size, 


Bethlehem Air-4 Is an Ideal 
Free-Machining Grade 


Air-4, Bethlehem’s new medium alloy tool 
steel, is an ideal free-machining grade due 
to the addition of lead. It hardens in air 
at 1525F to 1575F, and provides excellent 
wear and high toughness. Air-4 is also a 
deep-hardening grade, with high com- 
pressive strength. Order it today from 


your Bethlehem tool steel distributor. 
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Zincilating is galvanizing, brought up-to-date. Now, true galvanic 
protection can be provided for iron, steel or aluminum without 
the costs and nuisance of a complex, time-consuming process. 
With Zincilate, you can... galvanize any component, product 
galvanize any- 
where—in your plant or at the installation . . . galvanize any 
galvanize on pro- 


or structure—regardless of its size or shape .. . 


time—before, during or after fabrication . . . 
duction lines or on maintenance work. You can even repair hot- 
dip galvanize without pre-treatment. 

If galvanize in any form or method enters your production or 
maintenance picture, you should know about Zincilate. Tele- 
phone, wire or write, outlining your present use of galvanize; 
we'll furnish the facts— you be the judge. 


ETAL | RO1 


NDUSTRIAL 


= 


For more information, turn to Reader Service card, circle No. 412 


180 ¢ MATERIALS IN DESIGN ENGINEERING 


Formerly Materials & Methods 








$200 per month. (For information 
on another continuous preforming 
device, see M/DE, Apr ’59, p 180.) 


Heat Shrinks Tubing 
for Electrical Insulation 


A new tubing, composition of 
which has not been revealed, shrinks 
under heat to form a tight, abrasion 
and chemical resistant electrical] in- 
sulation for condensers, coils, bus 
bars, transformer leads, antennas, 
high voltage leads and conduit. The 
tubing, called No. 3042, is available 
from Minnesota Mining & Mfg. Co., 
Irvington Div., 900 Bush Ave., St. 
Paul 6, Minn. 


Sisal-Filled Phenolics 
Molded into Large Parts 


Two new sisal-filled phenolic mold- 
ing compounds, RX-825 and RX-831, 
are recommended especially for mold- 
ing into large parts, such as motor 


PROPERTIES OF PHENOLIC COMPOUNDS 





Types} RX-825 | RX- 31 





PHYSICAL PROPERTIES 
Specific Gravity 1.42 1.42 
Mold Shrinkage, in./in. 0.007 | 0.007 
Water Absorpticn, % 0.7 0.7 
Dielec Str (60 cps), v/mil 225 225 


MECHANICAL PROPERTIES 
1zod Impact Str (notched), 
ft-Ib/in. 0.50 1.00 
Ten Str, psi 5,500 6,000 
Flex Str, psi 7,500 | 9,000 
Compr Str, psi 25,000 
Heat Dist Point, F 300 300 








Typical part molded of sisal-filled 


phenolic compounds. 





OLIN 
ALUMINUM 
GLISTENS 
ON 
AMERICA’S 
FINE 

CARS 


OLIN MATHIESON. METALS DIVISION, 400 PARK AVENUE. NEW YORK 22. NEW YORK 


For more information, turn to Reader Service card, circle No. 441 
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1200°F 


housings and outlet boxes. Both 

compounds are now commercially 

e available from Rogers Corp., Rogers, 
1100 i . Conn. The two materials are medium 
impact, two-step compounds supplied 


in pellet form. 





Other News... 


1000°F Metals 


> More than 40 sizes of deep drawn 
magnesium containers are now avail- 
able from Zero Mfg. Co., 1121 
Chestnut St., Burbank, Calif. The 
containers are recommended for 
electronic and other applications. 


> Solid and cored aluminum bronze 


bars are marketed by Johnson 
Bronze Co., New Castle, Pa. They 
are supplied in standard 12'-in. 


and in 97 sizes up to 8 


lengths 
a 7 GRAPHITE in. o.d. 
>» Universal-Cyclops Steel Corp., Re- 


fractomet Div., Bridgeville, Pa. has 


for mechanical uses produced what is claimed to be the 


largest columbium sheet ever made. 

—_— | » sheet, made a 325-Ib ingot 

When anic¢ 7 . . The sheet, made from a 325 got, 
macs perp mca applications call for a material having low measures 0.028 x 36 x 96 in. 

riction and low wear rates ¢ = é 5 i 

i es at te mperatures where ordinary > Two nickel silver wire alloys have 

graphite and even many metals fail, Stackpole Grade 469 high- been introduced by Bridgeport Brass 

temperature graphite may well be the answer. Typical applica- Co., 30 Grand St., Bridgeport 2, 

tions include extensive use as mai ari . Conn. for use in screws, rivets, cam- 

. - — bearing oil seals on turbo- era and optical parts, and costume 

prop engines and as bearing inserts in turbine blade pitch jewelry. The alloys have good cold 

adjusting mechanisms. working properties, and are readily 
. Si ee ‘ , . od, bent or cold headed. 

A special treatment that inhibits oxidation assures maximum “ae . vaasanliexs é . 
performance between 1000° and 1200° F. and will not “bleed er — TY eaiiahie ba 
re ia) 3 a “E seal are now available 
out.” The material is also good at lower temperatures. Special Screw Products Co., Bed- 

Grade 469 is self-lubricating, will not seize or fuse and is ford, Ohio. The unions, called Kon- 

: entrik, are rated from 200 6000 

unaffected by most chemicals and gases. Transverse strength - _— pret “— ryt os a 
g ‘ eas 2 a psi and are suite se 

is better than average. It is supplied in blanks or finished pieces extreme pressures or corrosive con- 

or as bearings press-fitted into stainless steel housings. ditions. 

Hundreds of other low-cost Stackpole carbon and graphite » Republic Foil & Metal Millis, Inc., 

materials are likewise available. Send details of your applica- 55 Triangle St., Danbury, Conn. has 

introduced a new ultra-clean alumi- 


tion for suitable grade recommendation. num capacitor foil called Electro- 
Dry. The producer says the foil is 
free from oil films and _ ionizable 


materials. 


STACKPOLE CARBON CO., St. Marys, Pa. 


Nonmetallics 
> Four TFE tapes—skived, extruded 
unsintered, extruded sintered, and 
cast—are now commercially avail- 
able from Joclin Mfg. Co., Walling- 
ford, Conn. The tapes are called 

Counce all rotating electrical equipment * COMPOSITION ELECTRICAL Fluorolin. 

* BEARINGS + SEAL RINGS * VOLTAGE REGULATOR DISCS 

MOLDS & DIES + FRICTION SEGMENTS « CORROSION CONTROL noes » Extruded profile shapes made from 

a molybdenum disulfide-filled nylon 


HEATING ELEMENTS « CHEMICAL ANODES « BRAZING BOATS « WELDING 
CARBONS . . . and many other carbon, graphite and metal powder products. are now available from Polymer 


For more information, turn to Reader Service card, circle No. 415 
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Nylon News 








Type 6*Nylon’s Range of Applications Expands! 


MORE AND MORE INDUSTRIAL AND CONSUMER PRODUCTS MAKE USE 


OF ITS OUTSTANDING PROPERTIES 











Durable Electrical 
Circuits 


Space Products, Long Beach, 
Calif., uses flexible Plaskon Ny- 
lon 8200 for circuit connectors 
because it produces higher uni- 
formity of finished parts yet 
lowers manufacturing costs. 
These ‘“Ezi-Connectors” fea- 
ture beryllium contacts, with a 
fatigue resistance twice as great 
as that of spring brass or phos- 
phor bronze. They are mois- 
ture-proof and can be easily 
and repeatedly inserted and re- 
moved. Available in several 
colors, they are lettered to per- 
mit easy assembly and identi- 
fication. 


peered 


Reliable Missile Fire Connector 


Plaskon Nylon 8200's outstanding durability, light weight and 
resilience are put to good use in this missile fire connector. Injection 
molded nylon provides excellent insulation and seal against con- 
taminants and moisture for the connector’s contacts, as well as 
mechanical protection for the unit itself. The manufacturer, Alden 
Products, Brockton, Mass., reports that Plaskon Nylon 8200 en- 
ables him to achieve the highest compactness and reliability for 
this vitally important missile component. 


Superior 
Ballcock Valve 


The Hydo Valve Corporation, 
Austin, Texas, manufactures 
this balleock toilet valve with 
injection molded Plaskon Ny- 
lon 8200. The valve’s superior 
action cuts water closet fill time 
in half and eliminates noise and 
seepage. Plaskon Nylon is ideal 
for products of this type be- 
cause of its high resistance to 
heat, chemicals and abrasion. 
Also, nylon’s light weight pro- 
duces a more compact unit, 
which can be more economically 
stored and shipped. 





High Strength Closures 


This smooth, lustrous Plaskon Nylon cap nut will not scratch, snap 
or tear other surfaces as do metai caps. Ideal for use in the furniture 


and electronics industries, the “Relok’’ Nut is rust-proof, anti- 
magnetic and self- locking. Plaskon Nylon’s high strength and 
impact resistance enable it to withstand rugged duty. The Le high 
Metal Products Company, Cambridge, Mass., supplies the “Relok” 





Nut in several lengths and colors. 


Extra Extrusion Economy! 
Plaskon Nylon Extrusion Com- 
pound 8205 maintains high- 
melt viscosity through succes- 
sive regrinds. Scrap can be re- 
extruded several times without 
the slightest deterioration of 








basic properties. 





FOR FURTHER INFORMATION OR TECHNICAL ASSISTANCE, WRITE TO OUR NYLON PRODUCT 


DEVELOPMENT DEPARTMENT. 


llied 


PLASTICS AND COAL CHEMICALS DIVISION 


40 Rector Street, New York 6, N.Y. 


For more information, turn to Reader Service card, circle No. 539 
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Dollars with the hig 


how to save Assembly 
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WO time waste 
WO machining 
NO grinding 
WO counting 
NO stacking 
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cifying LAMINUM 


layers, ever! -- 
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‘ 
and NO dirt between 
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the solid Shim that p-e-e-l-s for adjustment 
Laminated Shims of 


LAMINUM SS a ie a 


now available in Send for free copy “Engineering Data File” 
4 i 








» ALuMinum ¥ oe 


with laminations 
of .003” or BRASS 


. 
STAINLESS STEEL 


with laminations 
of .002” or .003” c= 002” 


MILD STEEL 


with laminations 
of .CO2” or .003” 


with laminations 
of .002” or .003” 











LAMINATED SHIM COMPANY, INC. 


EAST COAST Home Office and Plant WEST COAST Sales Office 
1606 Union St., Glenbrook, Conn. 600 Sixteenth St., Oakland 12, Calif. 
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Corp. of Pa., 2140 Fairmont Ave., 
Reading, Pa. The filled nylon pro- 
files, called Nylatron GS, are said 
to reduce wear and friction on slid- 
ing surfaces. They are used for run- 
ners, conveyor tracks and sash lin- 
ings. 


> An electrically conductive poly- 
vinyl chloride compound has been 
introduced by Abbey Plastics Corp., 
Hudson, Mass. as a possible replace- 
ment for copper braid on communi- 
cations wire. Other potential uses: 
semiconductive electrical tape, igni- 
tion wire conductors, and impreg- 
nated paper for recording instru- 
ments. 


> Germ resistant extruded plastics 
sheets are now being produced by 
Chicago Molded Products Corp., 
Campco Div., 1020 N. Kolmar Ave., 
Chicago. The plastics sheets are 
treated with a chemical additive that 
is said to be odorless, colorless and 
nontoxic. 


> Two new grades of free-machining 
laminated tubing have been added 
to a series of paper-base laminates 
produced by Richardson Co., 2700 
Lake St., Melrose Park, Ill. Insurok 
T-300 NEMA X tubing meets Mil 
Type PBM; Insurok T-301 NEMA 
XX meets Mil Type PBG. 


Finishes 

» A zinc phosphate coating applied 
over a very thin deposit of electro- 
plated zinc is said to retard flaking 
and peeling of paint on steel prod- 
ucts. The coating is applied to steel 
by Kirsch Co., Metal Coating Div., 
White Pigeon, Mich. 


> Entek 45 is the name given to a 
liquid additive for use in hot water 
rinses of plating systems. The addi- 
tive is said to promote spot-free 
drying of ferrous and nonferrous 
metals after plating, pickling and 
chemical processing. It was devel- 
oped by Enthone, Inc., 442 Elm St., 
New Haven, Conn. 


>» A line of strippable plastics coat- 
ings for temporary protection of 
finished surfaces has been introduced 
by Guard Coatings Corp., 8-05 43rd 
Ave., Long Island City 1, N. Y. Two 
classes of coatings are available: 1) 
fast drying solvent solutions, and 2) 
water dispersions. 


>» A one-coat enamel has been de- 
veloped by Arco Co., 7301 Bessemer 
Ave., Cleveland 27, Ohio as a pos- 
sible replacement for galvanized 
steel in outdoor air conditioning 
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Mammoth parts for Iroquois and other locks in St. Lawrence Seaway and Power 
Project depend on nickel alloy steels for prolonged service without repair. 


Nickel Alloy Steels help open 
the world’s eighth sea to commerce 


The opening of the St. Lawrence Sea- 
way turns the Great Lakes into the 
world’s eighth sea—giving us, in 
effect, a North American counterpart 
of the Mediterranean. 

Man moved water and earth—even 
towns — to make this possible. It was 
a colossal job... and called for that 
kind of thinking and building. 

Take some of the lock bridge con- 
struction, as an example. Cast steel 
track girders and segment girders 
for the rolling lift bridge at Iroquois 
Point, in the International Rapids 
Section, weigh as much as 14 tons. 
Repairing or replacing such monster 
units any time after installation 
would be excessively expensive. And 


in some locations, practically impos- 
sible. So where long life plus high 
strength and toughness are impor- 
tant considerations, castings of nick- 
el steel are high-ranking favorites. 
This high strength nickel alloy steel 
is liberally used wherever the 
stresses on structural shapes are 
most severe and where castings are 
exposed to atmospheric corrosion. 


Do you have a metal problem? One 
involving stress... wear... corro- 
sion... fatigue... temperature ex- 
tremes or other complicating fac- 
tors? Talk it over with us. We — and 
Nickel or a Nickel Alloy — may be 
able to help you find the channel that 
leads to open water. 


*Registered trademark 


Heavyweights. Segment girders of 
nickel steel for Iroquois Lock rolling 
lift bridge weigh 27,000 pounds apiece. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5,N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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GRIPPING STORIES 
from the files of Angier Adhesives Jes 



































/ “ The Case of the ~ 


/ COSTLY CONTACT 


Acme hada problem. Their new line of sandwich 

panels was so popular they couldn’t make them fast enough. 

So they turned to automation. The honeycomb cores were conveyed past 
automatic adhesive spray guns —through drying lamps and on to “Assembly” 
where the faces were contact-bonded to the body of the panel. 


Then Acme discovered another problem. Their 
adhesive was being deposited unevenly and they were getting 
surprisingly poor mileage from their new installation. 


Acme called in an Angier man. He showed them 

how a specially-formulated Angier contact cement would spray smoothly 
and uniformly, even at maximum line speeds, and with 

no heavy edges or excessive overspray. 


In addition to a full line of contact cements and 

other adhesives, Angier offers unequalled application know-how. 

This vast fund of practical knowledge has been gained by the service 
engineers of Interchemical’s Finishes Division in theif daily experience 
with some of the largest industrial lacquer and enamel users. 

For real economy in adhesives, call in an Angier man first. 


Call or write today 
for more information on 
Angier’s line of Contact Cements. 


ANGIER 
ADHESIVES 


INTERCHEMICAL CORPORATION 


Finishes Division 


120 Potter St., Cambridge 42, Mass. 
Midwestern Plant: HUNTINGTON, IND. 


For more information, turn to Reader Service card, circle No. 496 
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equipment. The enamel is said to 
have excellent resistance to salt 
spray and industrial atmospheres. 


>» Nonsacrificial lead alloy anodes 
for impressed current cathodization 
have been approved by Lloyd’s of 
London for the protection of ship 
hulls against corrosion, according to 
an article in the latest issue of Lead 
published by Lead Industries Assn., 
60 E. 42nd St., New York 17. 


Joining materials 

» United Welding Service Co., Box 
564, Franklin, Pa. is marketing a 
new aluminum solder that requires 
no flux. The solder is marketed in 
the form of wire, rod, strip and 
powder. 


> Welding rod and wire made of 
copper alloy 835 produce high copper 
content welds that are sound, ductile 
and strong, according to the devel- 
oper, Bridgeport Brass Co., 30 Grand 
St., Bridgeport 2, Conn. The weld- 
ing rod and wire have a melting 
point of 1965 F. 


>» A low hydrogen nickel-manganese 
electrode has been developed for 
joining and wear surfacing manga- 
nese and plain carbon steels. It is 
marketed by All-State Welding 
Alloys Co., Inc., 249-55 Ferris Ave., 
White Plains, N. Y. 


>» A high strength welding electrode 
has been developed for joining low 
carbon, mild and low alloy structural 
steels. The electrode, called Eutec- 
Trode Super 110, is available from 
Eutectic Welding Alloys Corp., 40- 
40 172nd St., Flushing 58, N.Y. 


Testing equipment 

» A portable magnetic inspection 
system for detecting surface defects 
in iron and steel parts has been de- 
veloped by Ferro Machine & Tool 
Corp., 5514 W. Washington St., In- 
dianapolis 41, Ind. The machine, 
known as Detectascope, can be used 
on painted or plated surfaces to 
locate invisible cracks caused by 
grinding, welding or heat treating. 
The instrument sells for $795. 


>» A portable hardness tester called 
Sklero can be used to check metallic 
and nonmetallic materials on the 
spot. Readings are converted to 
Rockwell, Shore or Brinell hardness 
numbers by a conversion table sup- 
plied with the instrument. The unit 
is said to be accurate to within + 1 
Rockwell C. It was developed by 
Precise Products Corp., Racine, Wis. 





Miniaturization of electronic 
components highlights need for 
Synthane plastic laminates 


Yesterday 


The tremendous increase in miniatur- 
ized electronic components emphasizes 
a need for the combined properties of 
Synthane laminated plastics. 
Miniaturization, as you know, reduces 
the insulated path between terminals 
or conductors, placing a premium upon 
the insulation resistance of the laminate. 


Printed Circuitry Adds to Problem 
Printed circuitry, the development that 
made so many miniature circuits pos- 
sible, also magnifies the insulation re- 
sistance problem because there is a 
temptation to save space by shortening 
the distance between conductors. And 
often the insulation resistance require- 
ment is complicated by printing on both 


Test for insulation resistance as conducted by 
Synthane Corporation. 


> Oe 
a: 


wey 


sides of the laminated circuit board. 


Other Properties Influence Choice 
of Laminates 


There are many other properties of a 
laminate which help to make miniaturi- 
zation practical. For example, minia- 
turization brings the holes for terminals 
closer together, a result usually accom- 
panied by a reduction in the size of 
holes. Punchability of the laminate, 
therefore, becomes an important con- 
sideration. Mechanical strength, after 
punching, is also worth attention. 

In addition, climatic conditions 
greatly affect electronic equipment. 
Frequently, laminated plastics must re- 
tain their excellent characteristics even 
under the influence of heat, cold and 
change of humidities. 

Choice of a Synthane laminate with 
good insulation resistance will finally 
rest upon the atmospheric conditions 
of the application, mechanical, electri- 
cal and chemical properties required, 
and, to a degree, upon the economics 
of the situation. 


Synthane Laminates 
for Insulation Resistance 


Usually high insulation resistant Syn- 
thane laminates for printed circuits are 
processed with selected core and sur- 
face sheets to obtain the proper balance 
of electrical and moisture resistance 


values and to provide an excellent bond- 
ing surface for the metal foil. 

Synthane Grades G-10 and G-11 
(glass epoxy grades) are the top plastic 
laminates for insulation resistance. G-11 
is the stronger flexurally at elevated 
temperatures. Synthane Grades X X XP, 
XXXP-IR and P-25 have very good 
insulation resistance, and are easier to 
machine and cost less than the epoxy 
grades. Grade P-25 may be cold punched. 
Where there must be high impact 
strength as well as good insulation re- 
sistance Grade N-1 may be the logical 
choice. 


Applications: Among the high insula- 
tion resistance applications of Synthane 
laminates are wiring cards for com- 
puters, printed circuits for television, 
switch rotors, automation circuits, au- 
tomobile dashboard wiring. 

You are urged to write directly to us 
or to call in a Synthane representative 
for help in choosing the proper grade 
for your application. 


SYNTHANE] 


CORPORATION, |S} OAKS, PENNA. 
Laminated Plastics for Industry 








Sheets, Rods, Tubes, Fabricated Parts 
Molded-laminated, Molded-macerated 
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New ideas...new designs 


with LUCITE 


MEDALLIONS of LI 
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Beautiful three-d 
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by Ker ast E 


\ onm 


ange 


When a light ray impinges on a 
Lucite and air interface at an 
angle greater than 42°, the entire 
ray is reflected. By designing the 
bottom interface of a medallion 
to take advantage of this effect, 
maximum sparkle and brilliance 
can be obtained. The prism angle 
used is 116°. Well over 90% of 
incident light is reflected to the 
eye at optimum angles. 
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JCITE add 
design The underside of these 
nto a decorative pattern and then metalized 
mensional and color 
have high 
vansville 


m wey tI 


the selling touct 


omponents 
or painted 
effects are achieved 


daliealii ctrenoth Vilallalcte 
SUTUCTUTal SI E v 


Indiana 


o brighten up a design —to interrupt an ex- 
panse of metal with a flash of color—use 
medallions or decorative panels of Du Pont 


Lucire. It’s the low-cost way to lend a touch 
of elegance to your products or call attention 
to your brand name. 

Medallions and panels of Lucire are beauti- 
ful and functional]. For example, a large medal- 
lion for a tractor incorporates a prismatic pat- 
tern which acts as a night reflector. Control 
panels for a washer-dryer combination are cor- 
rosion-proof and retain their polished look de- 


me oI WN 


spite splashes and heat. Fastening elements, 
such as pins for push-in fastening nuts, can be 
molded right into the strong plastic shells. 
Lucite is a tough and impact-resistant resin. 

We'll be glad to help you with the design of 
decorative components of Lucire. For an in- 
teresting review of design opportunities write 
for our brochure ““A New Look at the Product 
Design Qualifications of a Popular Plastic, 
Lucite.”’ Address: E. I. du Pont de Nemours 
& Co. (Inc.), Polychemicals Dept., Room L-266, 
Du Pont Bldg., Wilmington 98, Delaware. 


In Caneda: Du Pont of Canada Limited, P.O. Box 660, Montreal, Quebec 


LUCITE 


ACRYVYti ReSiN 


*€6. us. pat. ort 


BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY 
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Fig 1—4Integrally stiffened panel is .. . 


. « « Stretch formed into air intake duct. 


Jet Plane— 


cont'd from p 12 


Materials Used in F-104 Starfighter 


1. Type 7075-T6 aluminum alloy—for high strength sheet, forg- 


ings, extrusions. 


2. Type 2024 aluminum alloy—for high temperature parts. 


2 


density than steel. 


3. Annealed titanium—for high temperature parts requiring lower 


4. Type 17-7PH steel—for corrosion resistant parts in engine room. 

5. Heat treated alloy steels—for compact parts carrying heavy 
loads (such as landing gear) requiring tensile strengths up to 
260,000 psi. 

6. Type 356 aluminum alloy castings—for complicated semi-struc- 
tural parts. 

7. Quarter-hard 316 stainless steel—for parts requiring rigidity 
and resistance to high speed flutter. 

8. Magnesium alloys—for sheet and castings requiring stiffness 
and light weight. 

9. Types 420 and 431 stainless steel, and Inconel—for air ducts, 


tip tank ejector cylinders and boundary layer control parts. 
10. Plate glass and vinyl—for windshields. 


11. Acrylic—for canopies. 


12. Glass-reinforced polyester—for radomes and antennas. 
13. Thermosetting plastics laminates—for small nonfunctional 


parts. 





duced directly by extruding. This 
method of production reduces cost 
and weight, and provides a smoother 
internal surface, as compared to con- 
ventional built-up structures. 
Compression forming — According 
to Lockheed, this technique holds 
tolerances not previously possible in 
sheet metal parts. The sheet metal 


is first hydroformed to broad toler- 
ances, then heat treated and pre- 
cision formed by compression. The 
finished part is said to be three times 
more accurate than parts produced 
by standard forming alone—toler- 
ances are held to +0.010 in. across 
the width of the part and +% of a 
degree on flange angles. This tech- 





CONTROL PANELS for washer-dryer combi- 
nation are economically molded of LUCITE. 
An occasional wipe with a soft cloth keeps 
them looking new-bright. (Molded by Kent 
Plastics, Evansville, Indiana.) 


LUGITE 


ACRYLIC RESIN 


&t6.y.5. pat orf 


Better Things for Better Living . . . through Chemistry 


For more information, circle No. 370 
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Revolutionary New 
Vinyl-Metal Laminate 





G-E high-styles TV cabinet with embossed, silk- 
sheen Colovin, eliminates bare look of metal finishes 


G-E rigidly tested many casing 
materials. Only Colovin laminate 
could offer the twin advantages of 
economical production costs plus 
the richness of multi-color print- 
ing and deep-texture embossing. 
Without finishing, painting or 
hand operations, the Colovin 
vinyl creates, to the eye and to 


G-E “Designer” Series TV 


the touch, the luxurious effect of 
brocaded Japanese silk. 

Get the whole story in ‘“‘Colo- 
vin Meets Metal.’’ Laminate 
samples, colors and textures, test 
specifications, industrial applica- 
tions, and list of laminators to 
whom we supply Colovin vinyl 
sheeting. Mail coupon for copy. 


COLOVIN 


first and finest in metal laminates 


COLUMBUS COATED FABRICS CORP., DEPT. MD-659, COLUMBUS 16, OHIO 


Please send me your brochure, “Colovin Meets Metal.” 


Name 


Company 


City. = 


— Title__ 


Zone State 


For more information, turn to Reader Service card, circle No. 368 
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Fig 2—Compression formed rib. 


nique is used to produce wing spars 
and ribs (see Fig 2). 

No-draft forging—This technique 
permits very clese tolerances with 
thin, untapered ribs; eliminates most 
of the machining operations previ- 
ously required; and is 20% less 
costly than conventional machined 
forgings. Prev.ously, forgings with 
upstanding ribs had to be made with 
a taper to allow the part to be with- 
drawn from the cavity. In most 
forgings this taper had to be ma- 
chined off. The new technique uses 
higher forging pressures and pre- 
cision dies. The part shown in Fig 3 
was forged to fit a required contour 
and no machining (not even of the 
attaching flange which has a varying 
flange angle) was required. Internal 
radii are about one-half those used 
for conventional forgings. 

Chem milling—Parts with localized 
areas of thick and thin sections were 
produced from one piece of stock 
by etch-removing unneeded material. 
This technique eliminates the neces- 
sity for riveting or bolting smaller 


Fig 3—No-draft forged rib. 








For advanced fuel...hydraulic...lube systems, 


New materials prove ideal in handling 


temperature extremes —350° F. to +750° F. 


Working with two remarkably versatile elasto- 
mers, C/R Sirvene engineers are producing flexi- 
ble molded parts for many vital fuel, lubricating, 
hydraulic and pneumatic systems. One, Viton-A*, 
can be compounded to produce parts that func- 
tion dependably at 600° F., and for short periods 
up to 750° F. The other important feature of Viton 
compounds is their excellent resistance to cor- 
rosive chemicals, chlorinated solvents as well as 
both synthetic and petroleum base fuels and lubes. 
At the other extreme, C/R compounded Silastic 
LS-53** parts are providing low temperature op- 
eration down to -80° F. They also exhibit excel- 


* DuPont registered trademark 
**Dow-Corning registered trademark 


: ey hci Aa 
SIRVENE DIVISION 
Offices in 55 principal citie 


In Canada: Chicago Rawhide Mfg. Co. o 


Export Sales: Geon International Corp., 


1227 ELSTON AVENUE * CHICAGO 22, ILLINOIS 
our telephone book 

ada, ltd., Brantford, Ontario 

Sreat Neck, New York 


lent resistance to synthetic and petroleum base 
fluids up to 350° F., and function well in propane 
up to 500° F. For temperatures as low as -350° 
F., C/R recommends Teflon* compounds. 

C/R Sirvene engineers have an intimate knowl- 
edge of these elastomers. They also have perfected 
special techniques in processing which still further 
improve the physical properties of the molded 
parts. If your problem involves high or low tem- 
peratures, close tolerances, and compatibility in 
advanced design fuel, lubricant or hydraulic sys- 
tems, get in touch with us at once. We have the 
skill and the facilities to help you. 


pg UES Loa Pi teas FO 


C/k propucts: C/R Shaft & End Face Seals « Sirvis-Conpor mechanical leather cups, 
packings, boots « C/R Non-metallic gears 
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Available Now!! 
Reprints of 


MATERIALS IN DESIGN ENGINEERING 
MANUALS 


Because of the great demand for the well-known Manuals that are 
widely used for reference purposes, MATERIALS IN DESIGN 
ENGINEERING Manuals have been reprinted for your use. These 
oustanding 16- to 32-page articles provide you with complete and 
useful information on the properties, characteristics and uses of 
engineering materials and finishes. 

The price is right! Only 35¢ for each reprint; 40¢ if shipped to 
foreign countries. On quantity orders, discounts are offered. To 
obtain your copies, indicate in the handy coupon below the Manuals 
you want. FOREIGN ORDERS Ml IST BE ACCOMPANIED BY 
PAYMENT! 


Would you prefer receiving these valuable Manual reprints auto- 
matically each month in the future? If you are a subscriber to 
MATERIALS IN DESIGN ENGINEERING, then avail yourself 
of an additional service offered by our Reader Service Department. 
Let us add your name to our mailing list, and you will receive the 
next 12 Manual reprints, one each month, for the reasonable price 
of $4.00* per year. Just fill out the coupon below and mail it to: 


Reader Service Department 
MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue 
New York 22, New York 


VY Quantity 
Magnesium and Its Alloys 
Conversion Coatings for Metals 


Y Quantity 
Carbon and Low Alloy Stee! Castings 
Wood & Wood-Base Materials 


Engineering Coppers 

Clad and Prospated Metals 
Wrought Non-Leaded Brasses 
Short Run Press Formed Parts 
Impact Extruded Parts 

Nodular or Ductile Cast Irons 
Industrial Textile Fibers 

New Stainless Steels 

Foam Plastics 

Electroplated Coatings 
Materials for Electrical Contacts 
Gray lron Castings 

How to Select and Specify Glass 
Nickel Silvers 

Hard Coat'ngs and Surfaces 
Selecting Plastics Laminates 
Hot Forged Parts 

Solid Electrical Insulation Materials 
Fiuorocarbon Plastics 


Synthetic Rubbers 

Titanium 

Materials for Gears 

Mechanical Tubing 

Joining & Fastening Plastics 
Aluminum Alloy Castings 

Thermal Insulation Materials 

New Developments in Ceramics 
Designing with Heat Treated Steels 
Porcelain Enamels, Ceramic Coatings 
Paper as an Engineering Material 
Designing Meta! Stampings 

Sleeve Bearing Materials 

Sheet Formed Plastics Parts 

How to Select a Stainless Stee! 
Engineer's Guide to Plastics 

Organic Coatings for Metal Products 
Designing with Metal Powder Parts 
Physical Properties & Tests 


Guide to Materials Standards & Specifications—PRICE 75¢ 


Name 


| Company 


Street 


City 


Title 


Zone State 


Yes, I am a subscriber to MATERIALS IN DESIGN ENGI- 
NEERING and would like to be put on your mailing list to receive 


each future Manual, when 


reprinted. Please start with the 


‘ . issue. Upon receipt of your invoice, I will pay 
$4.0 00 ) for. a year's supply. * Foreign subscriptions—s4.80. 
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Fig 4—Extruded steel part. 


parts together, or machining the re- 
quired part from heavy sheet stock. 

Steel extrusion—About a dozen 
high strength alloy steel extrusions 
are used in the F-104. Main advan- 
tage is the ability to produce thin 
sections, odd shapes and long lengths 
(see Fig 4). According to Lockheed, 
new developments now make it pos- 
sible to extrude high strength alloy 
steels at a considerable savings in 
cost. Prior to these developments, 
complex steel shapes had to be ma- 
chined from solid bars. 


Phenolic Laminate 
Makes Best Washer 


The ability of a canvas-based 
phenolic resin laminate to yield 
slightly under heavy pressures, and 
thus resist cracking, is the main 
reason given for its selection by Gen- 
eral Cable Corp. for use as washers 
in an assembly used to seal off ends 
of insulated cable. 

The washer, which is punched to 
provide openings for neoprene-cov- 
ered conductors, seats into the end 
of a knurled brass fitting and serves 
both as a separator for the conduc- 
tors and as a moisture barrier. As 
shown in the accompanying photo, 
after the fitting is screwed onto the 
cable, a soft sealing compound is 
applied to the end and the washer 
is seated in the fitting. The edge of 
the fitting is then crimped against 
the washer to fix it permanently in 
place. 

Canvas-base phenolic was chosen 
because it combines toughness with 





A rocket engine capable of more than 50,000 Ibs. of static thrust, developed and built 
by Reaction Motors Division of Thiokol Chemical Corporation, will soon send the fabulous 
X-15 searing into outer space. To protect the engine from its own fierce blast, key metal 
surfaces are coated with ROKIDE “Z" coating. 


Inferno 


... but ROKIDE* Coating 
will protect the X-15's 
engine during critical 

burning time 


As the manned X-15 bores into the sky 
for 100 miles or more in its forthcoming 
tests, rocket-powered flight will last only 
for about a minute and a half. However, 
protecting the engine from the tremendous 
heat and erosive force of its propellants for 
even that brief span posed a major design 
problem. Engineers solved it by coating 
critical metal surfaces with ROKIDE ‘“Z”’ 
zirconium oxide — one of today’s most 
rugged refractory materials. 

This is typical of the new and challeng- 
ing requirements which all three types of 
hard, crystalline ROKIDE spray coatings 
(“A’’, “ZS” and “Z’’) are meeting in the 
ever-expanding air and space programs. 
These outstanding members of Norton 
Company’s large family of refractory ma- 
terials, as well as other experimental coat- 
ings such as chrome oxide, spinel, etc., are 
providing protection against high heat and 
abrasion, corrosion and severe thermal 
shock in supersonic aircraft, missiles and 
rockets. 

Norton Company maintains ROKIDE 
coating facilities on both coasts: at the 
main plant in Worcester, Mass., and at its 
plant in Santa Clara, California. For de- 
tails, write NORTON COMPANY, Refractories 
Division, 345 New Bond St., Worcester 6, 
Massachusetts. 

*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered... R ... Prescribed 





Making better products ...to make your products better 
NORTON PRODUCTS Abrasives + Grinding Wheels + Grinding Machines + Refractories + Electrochemicals — BEHR-MAMNING DIVISION Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 
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2 MORE FANSTEEL 
7} ay Oj ty c] —a .) Be) 4 


High Strength-To-Weight at 
HIGH TEMPERATURES 


= Taylor Fibre Co. 
Moisture barrier for cable is made 
Ingot of canvas-base phenolic laminate. 
ee to forging 
“ to .020”x 37"x120" sheet 


“4 low moisture absorption, good elec- 
trical resistance and good punch- 
ability. Some washers are as small 
as 0.45 in. in dia and contain as 
many as seven lead-through holes. A 
paper-base phenolic was tried, but 
was found to lack sufficient tough- 
ness. 


Large Missile Ducts 
FANSTEEL 80 METAL FANSTEEL 82 METAL Made of Stainless Alloy 


Alloy—Columbium-zirconium Alloy—Columbium-tantalum-zirconium 
Melting Point—4350°F. Melting Point—4550°F. 

Density— 

10.26 grams per cc (0.371 Ib. per cu. in.) 








A relatively new high temperature 
steel alloy, A-286, has been specified 
for the ducts used on the engines of 
Sensiie Seemann the Atlas, Thor, Jupiter and Red- 
Tensile Strength— bg , stone missiles. 

Annealed 70°F.; 47,000 psi Annealed 70°F.; 55,000 psi. : oF 
e 2000°F. in air; 29,600 psi. According to Rocketdyne, a divi- 
Stress-To-Rupture— 2400°F. in air; 11,700 psi. sion of North American Aviation, 
100 hr. nor Stress-To-Rupture— Inc., the ducts, which have flex joints 
PD nan bn ait 100 hr. 2000°F. (argon) 17,500 psi. (see accompanying photo), are used 
r. . f 500 hr. 2000°F. (argon) 13,500 psi. t ‘y liquid es f th 
(argon) 11,000 psi. o carry liquid oxygen from e 
Other Properties—High oxidation resist- pump to the thrust chamber. Tem- 
Other Properties—Ductile to brittle transi- ance compared to pure refractory metals. ¢ he 2g 

tion temperatures in annealed state are Oxide film is tenacious, non-volatile, perature changes encountered range 
well below room temperature. tends to form protective coating. 16-hour, 
2000°F. tests in flowing air show remark- 

ably low scaling of 0.01 cm. 


Density— 
8.6 grams per cc (0.311 Ib. per cu. in.) 


Advantages and Uses—Extremely high 
strength-to-weight ratio for high tempera- 
ture applications. Excellent weldability, Advantages and Uses—Exceptionally suit- 
ductile welds with little or no tendency to able for air-frames and certain missile 
fracture in heat affected zones. Easy fab- applications. Provides desirable strength- 
rication at room temperature, as worked to-weight advantages at higher tempera- 
or annealed. For missiles, rockets, space- tures plus the same workability, welda- 
craft, other high heat applications. bility and ductility of Fansteel 80 Alloy. 

















AVAILABLE in ingots, forgings, bar, rod, plate, sheet and fabricated parts. 
Write for latest technical bulletins. 


EKANSTEEL 





FANSTEEL METALLURGICAL CORPORATION worth chicago, 111. U.S.A Flexible ducts must withstand tem- 


perature changes of about 600 F 


Fer mere information, turn te Reader Service card, circla No. 485 
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STAINLESS STEEL SAYS “NO” TO CORROSIVE FUMES! 


Stainless steel puts up strong resistance to fumes that would discolor and corrode other metals. And 
designers know, too, that stainless steel resists rusting, denting and scratching; it doesn’t peel, is extra 
strong — and beautiful! Keep these qualities in mind when you want your designs perfectly (and endur- 
ingly) realized. And remember, the very best stainless steels are made with Vancoram Ferro Alloys. 


VANADIUM 
apes a Or r 6 CORPORATION 
roducers of alloys, metals and chemicals d F ; OF AMERICA 


420 Lexington Ave., New York 17, N. Y. 
Chicago « Cleveland « Detroit « Pittsburgh 
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TOO COSTLY, MR. DESIGNER? 


REPLACE IT WITH CARBON OR GRAPHITE 
AT LESS OVERALL COST! 


Rare metals and ceramics are not the only materials that 
master problems of heat, corrosion and conductivity. 
Graphite withstands thermal impact longer than many 
costlier refractories. Its easy machinability cuts fabri- 
cating costs. Its corrosion resistance simplifies chemical 
processing. Its heat-transfer power speeds casting. Its 
structural qualities and low neutron capture make it 
ideal nuclear material. Learn more about graphite and 
its parent-substance, carbon. Fill in the coupon below. 


Sa 


“National” and ‘‘Union Carbide” are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY . Division of Union Carbide Corporation 
30 East 42nd Street, New York 17,N.Y. 
SALES OFFICES: Atlanta, Chicago, Dalias, Houston, Kansas City, Los Angeles, New York, 
Pittsburgh, San Francisco IN CANADA: Union Carbide Canada Limited, Toronto 


“NATIONAL” CARBON 
AND GRAPHITE 
ARE WORKING 
WONDERS IN... 


MECHANICAL, 
METALLURGICAL, 
ELECTRICAL and 
NUCLEAR 
APPLICATIONS 


National Carbon Company 

30 East 42nd Street, New York 17, N. Y. 
Gentlemen: Send me details on carbon and graph- 
ite performance in the following applications: 


(1) MECHANICAL ([) METALLURGICAL 
() ELECTRICAL (-] NUCLEAR 


MAME TITLE 
FIRM 
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from —297 F to plus several hundred 
degrees fahrenheit. 

According to Allegheny Ludlum 
Steel ‘Sorp., alloy A-286 was selected 
beca’se of its 1) light weight, 2) 
corrosion resistance, 3) high impact 
strength at low temperatures, and 4) 
high strength-to-weight ratio at both 
low and elevated temperatures. 


Auto Parts Are Now 
Vacuum Metallized 


Lenses for back-up lights, heater 
opening covers and horn button 
medallions are now being vacuum 
metallized with aluminum by Ford 
Motor Co, 

According to F. J. Stokes Corp., 
vacuum metallizing was previously 
considered suitable only for deco- 





National Carbon Co., Div. of 
nion Carbide Corp. 


Largest graphite exchanger 
—Shown above are what are 
claimed to be three of the 
largest impervious graphite shell 
and tube heat exchangers ever 
made, The giant heat ex- 
changers, used in the recovery 
of sulfuric acid from petroleum 
refining acid sludge, are oper- 
ated vertically and in parallel 
flow. Each of the exchangers 
contains a 45-in. dia outer steel 
shell which houses 685 imper- 
vious graphite tubes, each 12 ft 
long and 1% in. o.d. Total heat 
transfer surface area is 2685 sq 
ft. Approximately 50 gal per 
min of treated cooling water 
are required to handle the 
enormous heat load of several 
million Btu’s per hr. 








DURACOR 
Tensile Strength 
11-15,000 PSI 
Flexural Strength 
20-30,000 PSI 
Resists many 
acids, alkalies 


and solvents 


THE 
CEILCOTE CO., Inc. 


*Birmingham, Alabama « Buffalo, New 
York * *Chicago, Illinois « *Cleveland, 
Ohio © *Detroit, Michigan « Evansville, 
Indiana * *Houston, Texas * Kansas City, 
Missouri ¢ Los Angeles, California « *San 
Francisco, California « Seattle, Wash- 
ington ¢ Springfield, Massachusetts. 
*Warehousing 


NOW! 


a neWw 


CORROSION -PROOF 
GAS SCRUBBING 


fabricated 
from 


DURACOR 


Reinforced 
Plastics 


PROBLEM: A large zir- 
conium producer needed a 
material to withstand cor- 
rosive gases entering scrub- 
bing towers at +300° F. 


SOLUTION: Working from customer speci- 
fications, Ceilcote engineers designed and 
built this unit — base, body and tower — 
completely from DURACOR. 


RESULT: DURACOR now provides long 
life and maintenance-free operation in han- 
dling HC! gases and chlorine. 


WHAT’S YOUR PROBLEM? DURACOR 
resists practically any corrosive gas, fume or 
liquid . . . offers unlimited applications be- 
cause it can be fabricated to any shape. 
Write today and tell us about your re- 
quirements. 


SEE OUR INSERT IN CEC 


The Ceilcote Company 
4899 Ridge Road « Cleveland 9, Ohio 


Please send me free of charge your 
DURACOR Catalog. 


NAME 





COMPANY 
STREET 
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THE ALLOY 
FOR GLASS HERMETIC SEALS 


...-ASSURES 
Back-up light lenses, worn button 
medallions and heater opening covers 


here were vacuum metallized. 


Ve Veielel Pualci-ne rative and novelty items, or for 
rotected industrial components 
SEALS! a 


such as_ selenium rectifiers, pre- 
cision lenses, etc. Adoption of the 
Another process by Ford, therefore, leads 
a the way to “. . . much wider ac- 
ll TE Special Alloy ; ceptance of the process for indus- 
| REAL Ewraseron for a Specific : trial finishing.” 
l | Dus ; The back-up light lenses and 
a z pose : horn button medallions are made 
TEMPERATURE ™ of clear acrylic. They are first 
eemetep ane metallized on their inner surfaces 
rhis precision alloy was developed for Composition (Nominal) 
sealing metal to hard glass. Wilbur B. and _then lacquered. The heater 
Driver Rodar is processed from melting opening covers, made of polysty- 
to finished size in our own plant under rene, are first base lacquered, then 
the strictest controls to insure consistent Melting Point fs : baked, metallized, top lacquered 
analysis, temper, uniform grain size and . . 1450°C. (Approx) : q and baked again. 
conformance to customers’ specifica- Specific Gravity. . 8.38 
tions. The superior stamping and seal- welaht Por Cable tach Se { 
ing properties of Rodar make it the sapiens a2 ib. ec a Tinplate Cuts Cost 
preferred sealing alloy. Electrical Resistivity ati . 
Rodar produces a permanent, vacuum- ... 294 Ohms CMF. ia of Sanding Tool 
tight seal with simple oxidation proce- Tensile Strength 
dure and resists attack by mercury. 80,000 PSI 
Readily machined and fabricated, Hardness = | to heavy gage electrolytic tin-coated 
Rodar can be welded, soldered or -+ + « 02 B Rockwell : steel has reduced manufacturing 


brazed. Available in wire, strip and bar Elongation costs and increased life of the base 
to your specifications 30% (2° gauge length) 


t—— 





MILLS PER INCH 





= 
2 
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= 
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The change from cold rolled steel 








Average Thermal 
Temperature Range EXpansion, *Cm/Cm/°Cx10-6 


30° Te 200 C. 4.33 Te 5.30 
30° Te 300 C. 4.41 Te 5.17 
30° Te 400 C. 4.54 To 5.08 
30° Te 450 C. 5.03 Te 5.37 
30° Te 500 C. 5.71 Te 6.21 


*As determined from cooling curves, after annealing 
in hydrogen for one hour at 900°C. and for 
15 minutes at 1100°C 


WILBUR B. 
DRIVER CO. 


a NEWARK 4, NEW JERSEY Jones & Laughiin Steel Corp. 


IN CANADA: Canadian Wilbur B. Driver Company, Ltd., 50 Ronson Drive, Rexdale (Toronto) Base of sanding tool is now made 
rc ms of tinplate. 
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Quality of GRAMIX’ precision parts 


insured by 
metallurgical control 


in the laboratory 


proven by performance 








on the job! 





To assure the dependable performance of GRAMIX 
powder metallurgy parts in actual operation, the 
United States Graphite Company combines exacting 
laboratory tests and rigid production controls to 
insure the quality of every GRAMIX part. Through 
the use of the metallograph, for example, GRAMIX 
engineers can check the internal structure of a part. 
A comparison of the photomicrographs shown 
above readily shows the sound under-the-surface 
quality of a GRAMIX part as opposed to the poor 
internal composition of an improperly sintered 
part. In the photomicrograph at the top, notice the 
cementite between the ferrite grain boundaries. 
This cementite will tend to break up and rupture 
under shock. The surface of the material is decar- 


Photomicrograph of a section of an 
inferior powder metallurgy part that has 
been improperly sintered. Structure is 
d of tite and ferrite. 


“ 
ee 


ree 





r 


’ 


Photomicrograph of an internally sound 
GRAMIX part shows the fine grain structure 
of tough, shock-resistant pearlite. 


burized and only remnants of pearlite remain. This 
condition is due entirely to the lack of adequate 
sintering control! 

The photomicrograph of the GRAMIX part at the 
bottom shows a fine grain pearlite structure that’s 
tough, strong and wear resisting. Absolute sinter- 
ing control along with precise metallurgical con- 
trolin the laboratory is utilized by The United States 
Graphite Company to positively assure quality 
GRAMIX parts. 


Write today for these helpful engineering manuals. Engineering Bulletin No. 18 covers 
design and metallurgical requirements and alloy selection of GRAMIX bearings. 
No. 19 contains facts about GRAMIX Machine Parts and No. 21 contains general 


information on GRAMIX products from Powder Metallurgy. Get your copies now. 


X-264-1R 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 3, MICHIGAN 
GRAPHITAR® carBon-cRrapHite © GRAMIX® powneR METALLURGY © MEXICAN® crapHite prooucts © USG® Brusnes 


For more information, turn to Reader Service card, circle No, 442 


JUNE, 1959 + 199 





These small 


failures 


FOR EXAMPLE, MORGANITE ELECTRICAL CONTACTS 
INSTALLED IN MAIN AND AUXILIARY CONTROLS 
WOULD HAVE PREVENTED THIS BRIDGE FAILURE 


BRIDGE SLOWS 
SIX TRAINS 


Traffic Waits for 
Stuck Drawbridge 


Four passenger trains and 
two freight trains were 
delayed yesterday up to 
thirty-eight minutes when 
a main line drawbridge re- 
mained open through elec- 
trical failure. 

The trouble, which began 
about 3:40 P.M., was not 
cleared up by 4:15. Normal 
service was maintained 
during the commuter rush 


period, according to a road . 
spokesman. Inbound and 
ee 


MORGANITE self-lubricating contacts and current collectors 
are non-welding. They improve electrical conductivity and re- 
duce operating costs because of minimum maintenance require- 
ments. MORGANITE electrical components, and self-lubricating 
mechanical carbons, have solved difficult design problems in 
thousands of commercial and military applications. For.data,on 
your specific requirements, call or write MORGAN?TTE, today! 


orga? 


rons 


ite 1% 


cer! sonal 
reas®’ 
ot (ros! 


gor EXS 


asec 


gearen™ 


| Morgantte, 


INCORPORATED ... 


3324 48th Avenue, Long Island City 1, New York 
In Canada: Morganite Carbon Products Ltd., Toronto 


~~ 


Manufacturers of Fine Carbon Graphite Products inciudin 


Piles, Current Collectors and Electrical Contacts . 


nO 


FOR OVER HALF A CENTURY 


Mechanical Carbons, Motor/Generator Brushes, Carbon 
Distributors of 99.7% Pure Ai,0, Tubes and Crucibles 
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of a sanding tool as well as the dies 
used to make it. 

The sanding tool consists of a lock- 
ing handle (still made of prepainted 
cold rolled steel) and a sandpaper- 
holding base (see photo). The previ- 
ous cold ro'led steel base required a 
cadmium or nickel plate to prevent 
rusting. In addition, the wearing 
parts of the die had to be chromium- 
plated for protection against the 
steel blank. 

According to Red Devil Tool Co., 
die life has been extended by 50% 
because the electrolytic tin coating 
acts as a lubricant during forming 
and blanking, thus eliminating the 
need for the chromium plate. In 
addition, the base does not have to 
be further protected against rust. 


Carbon, Graphite Blocks 
Used in Acid Towers 


Over 1400 individual carbon and 
graphite blocks went into the con- 
struction of a three-tower unit used 
in the production of phosphoric acid 
from elemental phosphorus. 

Of the 1400 blocks used, about 350 
are carbon (used mostly at the base) 
and 1050 graphite. Carbon and 
graphite were specified by H. K. Fer- 


guson Co. because carbon is highly 





Dow Chemical Co. 
Magnesium luggage—Magnesium 
is now being used in a new line of 
lightweight men’s luggage. As shown 
above, the luggage consists of two 
drawn magnesium shells and two 
formed tongue and groove magne- 
sium extrusions. The complete model 
shown measures 26 x 19% x 9 in. yet 
weighs only 9% Ib. After forming, 
the magnesium shells are covered 
with vacuum-bonded vinyl. The ex- 
trusions are chromated and then 
finished with a baked enamel. 











RTV (room temperature vulcanizing) silicone rub- 
ber being applied as sealant in Douglas DC-8. 
RTV cures without application of heat; won't 
shrink (no solvents) ; forms no voids. It has ex- 
cellent bond strength, plus resistance to high 
temperatures, moisture, weathering, ozone, air- 
craft fuels and solvents. 


G-E RTV silicone rubber—a superior material 
for tooling, encapsulating and sealing 





Prototype jet engine nose cone (right) cast Close-tolerance, non-standard helix Potting and encapsulating of electrical com- 
in RTV mold. Epoxy parts cast in flexible gear cast complete in low-cost, one- ponents, such as this aircraft transformer, 
RTV molds have a bright, glossy surface and piece RTV mold. Previously such re- are easy with RTV. It can be poured, 
reproduce extremely fine detail. No parting placement parts had to be machined sprayed, painted or applied by dipping. Tem- 
agent is required for even the most complex by hand. Now they can be quickly _ perature resistant from —60°F to +600°F; 
parts. High tensile and tear strength is re- and inexpensively replaced by using excellent resistance to high altitude arc-over 
_ tained even after prolonged heat aging. the broken part as a master. and corona. Comes in wide viscosity range. 


For application data and samples of General Electric RTV 
silicone rubber, write to General Electric Company, Silicone 
Products Department, Section 862, Waterford, N. Y. 


GENERAL @® ELECTRIC 


Silicone Products Dept., Waterford, N. Y. 
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Send 
blueprint 
or samples 
for 
estimate 








WIRE 
FORMS 


and 


METAL 
STAMPINGS 


We'll prove that our high 
speed production means 
lower unit costs for you! 


You'll save two ways — (1) the ini- 
tial low unit cost made possible by 
high speed machines; (2) precision 
and quality control guarantees accu- 
rate parts and performance. 
STRAIGHTENING AND CUTTING 
Perfect straight lengths to 12 feet. 
.0015 to .125 diameter. 


WIRE FORMS 
.0015 to .125 diameter. 


SMALL METAL STAMPINGS 

.0025 to .035 thickness. 

.062 to 3 inches wide. 
Specializing in production of parts 
for electronic, cathode ray tubes and 

transistors. 

Write for illustrated folder. 
ART WIRE AND STAMPING 
COMPANY 
13 Boyden Place, Newark 2, N. J. 


For more information, ‘circle No. 390 


Phosphoric acid towers consist of 
1400 carbon and graphite blocks 


honded with carbon cement. 


resistant to corrosive attack, and 
graphite offers a combination of ex- 
cellent corrosion resistance, high 
thermal conductivity and good 
strength at high temperatures. 

The towers are composed of built- 
up rings of blocks (see accompanying 
photo). According to Great Lakes 
Carbon Corp., tolerances measured 
on the circumference of each ring of 
blocks are held to within + 0.250 in. 
According to the company, these tol- 
erances are “unique” and result from 
“extremely skillful machining.” 

To simplify assembly of the towers, 
individual blocks were numbered and 
a thermosetting cement was used to 
seal joints between blocks. 


Hastelloy, Carbon Steel 
Cut Process Unit Cost 


By combining an expensive, but 
highly corrosion resistant metal with 
a relatively inexpensive metal, a 
difficult corrosion problem has been 
solved in the design of isomerization 
vessels used to process hydrochloric 
acid at high temperatures and pres- 
sures. 

The two metals involved are Has- 
telloy B (a corrosion resistant nickel 
alloy) and carbon steel. According 
to Manning & Lewis Engineering Co., 
Hastelloy B was selected for the 
vessel because it provides the neces- 
sary protection against corrosion 
from boiling hydrochloric acid. How- 
ever, the alloy is “fairly expensive 
and requires considerable metal- 
working skill to fabricate.” To solve 
this problem, Hastelloy liners, seam- 
sealing strips and overlay strips, 
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For more informotion, circle No. 432 
Another Illustration of 
the High-Heat Stability 
of 


® 
HEAT RESISTANT FINISH 


USED ON THE NOSE CONE 
OF THE CHRYSLER 
REDSTONE MISSILE 


Mid. by Chrysler Corp., Missile Division 


ats NO 


= and Actual Missile Firings ¢ 
Sicon possessed the high 9 
heat resistance necessary 
in these tests, whereas 
other finishes ignited and 
burned under simulated 
re-entry conditions. Sicon 
in aluminum or black 
withstands temperatures 
as high as 1000°F. Mod- § 
ern colors which retain 

| color and gloss in the 
500°F. range add sales ap- 

i peal and longer life to 
consumer products. Write 
for new SICON bulletin. 

Address Dept. F-1 


MIDLAND 


INDUSTRIAL FINISHES COMPANY 
WAUKEGAN; ILLINOIS 


ERS « VARWNIS 


For more information, circle No. 503 > 








NEW ROCKET BLAST PROTECTION — by Swedlow 


by tension winding with augmented pressure —a highly skilled 


New ablative/insulative wrapping by Swedlow protects Atlas missile 

launcher tubes from direct rocket blast up to 5000°F. The materials and 

methods developed to meet this extreme demand hold great promise for 

many other applications requiring resistance to elevated temperatures. 

To meet the rigid standards for this CON VAIR missile Swedlow has 
developed methods of: 

(1) Impregnating a refractory silica fabric with a Swedlow modi 

fied high temperature phenolic resin, and 


(2) Covering the 4” to 1” tubes and pressure vessels shown above, 


a a 


operat and 
(3) Special heat treating or curing for maximum shock temperature 
resistance. 
Here is another of Swedlow’s contributions to industry, including high 
temperature resistance welded honeycomb core products, high tempera- 
ture materials, heat reflective laminates, stretched acrylic transparent 
glazing materials and others. 
Write for technical bulletin “S” entitled “High Temperature 
Phenolic Laminates.” Please refer to Dept. 18. 


SWE ) LOW | Los Angeles 22, California / Youngstown 9, Ohiis| 
Ne. Formerly Swedlow Plastics Company 








PLAST-IRON 
POWDERS 


REPLACE WITH 
B-280 


Standard 80 Mesh 
lron Powder 


Improve With 
B-281 
Phos Enriched 
80 Mesh Iron Powder 


Economize With 
35 Mesh Iron Powder 
B-270 


Send for Technical Data 
and Working Sample 


METALS 


National-U.S 


» . 
Radiator ( orporation 


| 4459 BRIDGE STREET ] 


JOHNSTOWN, PA. 


For more information, circle No. 404 
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were applied to a base of inexpensive 
carbon steel. 

To fabricate the vessel, all carbon 
steel parts are first cut to size and 
formed. The lining material is then 
cut into strips 7/64 in. thick and 7 
in. wide and preformed wherever 
possible. To make welding easier 
and to provide greater dissipation 
of heat, the strips are held tightly 
against the shell by means of a 
hydraulic jack and a hard wood 
form. Welding is done by the metal 
arc process using coated stainless 
steel electrodes. 

According to Manning, the cost 
of the 13,000-lb vessel was approxi- 
mately $22,000. If made completely 
of Hastelloy, its cost would have 
been about $45,000. 


Pastics Impeller 
Replaces Cast Bronze 


The switch from cast bronze to 
molded styrene-acrylonitrile has re- 
sulted in reduced cost and improved 
performance for impellers used in 
water pumps. 

According to Barnes Mfg. Co., the 
primary reason for the change was 
to reduce costs; the cast bronze parts 
were relatively expensive to fabri- 
cate and difficult to produce in 
quantity to close tolerances. 

The new resin-rubber impellers 
are molded with very close toler- 
ances. In addition, the molded sty- 
rene-acrylonitrile parts are unaffec- 
ted by temperature changes, are 
rustproof, and have smoother sur- 
faces which aid water passage and 
consequently contribute to greater 
operating efficiency. 


te. 
Naugatuck Chemical Div., U. S. Rubber Co. 
Reduced costs plus more efficient 
performance characterize molded sty- 
rene-acrylonitrile impellers. 
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Tinned sheet steel, available 
up to 22 gage, has the strength of 
steel, and good formability in addi- 
tion. The coating also serves as an 
excellent paint base and doesn’t re- 
quire a primer coat. For these reasons 
it is widely used in the automotive 
industry for air cleaners, oil filters, 
covers, vents and hot-air ducts. 


Modern pewter is nontarnishing 
and nontoxic, contains no lead, and 
does not darken or lose its surface 
finish. It contains 93% tin, 6% anti- 
mony, and 1% copper. Surface fin- 
ish ranges from a bright, high polish 
to a subdued satin texture. It can be 
cleaned with soap and water. Frequent 
polishing is not necessary. 


De-icing problem? Perhaps 
this is the answer. Years ago a trans- 
parent electroconductive coating, con- 
taining tin, was developed for aircraft. 
The thin tin-oxide film is applied to 
glass. A low current passing through 
the coating generates sufficient heat to 
de-ice the glass, now standard equip- 
ment on most commercial and mili- 
tary planes. 


Phosphor bronze, a tin-cop- 
per alloy containing up to 10% tin is 
used in over 30 different aircraft ap- 
plications. Typical uses are for bush- 
ings, bearings, springs, valves, contacts, 
thermostats and switches. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply 
prices and new uses. 





The Malayan Tin Bureau 
Dept. 24F, 1028 Connecticut Ave., Washington 6, D.C. 


For more information, circle No. 374 








for Aluminum, too! 


Better paint adhesion, better corrosion control 


Here’s the most famous name in the 
whole metal treatment field. Bonderite! 

This is the product name that has 
meant finest finish protection and cus- 
tomer satisfaction to buyers of automo- 
biles, home laundry equipment, refrigera- 
tors, metal furniture and other painted 
metal products for a generation. 

This year, over 10 million Bonderite 
seals will be used on metal products to 
tell buyers they are getting the plus 
values of Bonderite protection. 

As protection for aluminum, Bonde- 
rite’s performance is equally spectacular. 
It controls corrosion, anchors paint. 

Sell aluminum siding, awnings, win- 
dows, doors and panels that are protected 
by Bonderite. Sell with complete con- 
fidence that the product’s good looks 
will last and last! 


(Above): Regular 1-coat paint finish over 
section of Bonderite-treated aluminum 
siding. Formed after painting. Tested in 
salt spray 1500 hours. (Siding by Hast- 
ings Aluminum Products, Inc., Hast- 
ings, Mich.) 


(Left): Aluminum window and screen 
frame sections Bonderized, painted in 
the strip, formed after painting. No 
breaks in finish anywhere! (Treated, 
painted strip furnished by Hastings 
Aluminum Products, Inc.) 


Since 1914—leader in the field 


Parker Rust Proof Company 


2173 E. MILWAUKEE, DETROIT 11, MICHIGAN 


BONDERITE corrosion BONDERITE and BONDERLUBE PARCO COMPOUND PARCO LUBRITE —weor TROPICAL—heavy duty 
resistant paint base aids in cold forming of metals rust resistant resistant for friction surfaces maintenance paints since 1883 


*Bonderite, Bonderlube, Parco, Parco Lubrite—Reg. U.S. Pat. Off. 


For more information, turn to Reader Service card, circle No. 380 
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new specialty Wrought Iron offers better 
low temperature properties and better 
impact resistance than many steels 


Mn (Manganese) Wrought Iron is a brand new specialty wrought iron offering excellent impact resistance 
at sub-zero temperatures. To define it: Mn Wrought Iron is a highly deoxidized, low carbon alloy wrought 
iron containing 1°% manganese. 

New Mn Wrought Iron is not a substitute for 4-D Wrought Iron. Mn was developed specifically to meet 
critical engineering needs for a tough, yet economical metal in low temperature services where the possibility 
of brittle failure poses design problems. 

Independent impact testing of Charpy V-notch specimens from 4%” plate shows that Mn Wrought Iron 
has a mean energy absorption of 15 foot-pounds at —58°F. Mn Wrought Iron combines this boost in impact 
strength with the excellent corrosion resistance and mechanical advantages of 4-D Wrought Iron. Mn can 
be easily welded or flame cut—in field or shop—-without requiring pre-heating or post-heating treatment. 

Mn Wrought Iron costs /ess initially than many of the low alloy steels recommended for low tempera- 
ture service. Available in pipe, plate, and other forms, this new material is well suited for a wide varietv 
of low temperature applications, including such services as tanks and process piping in the refrigeration 
and petrochemical industries. 

Inquiries regarding this specialty wrought iron will receive immediate attention. Write: A. M. Byers 
Company, Clark Building, Pittsburgh 22, Pennsylvania. 


Charpy impact values for Charpy V-notch specimens machined from conventionally- 
produced 44” Mn Wrought Iron plate in as-rolled condition. 
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Mean energy absorption: 15 ft-lbs at —58°F, notch perpendicular. Mean energy absorption: 15 ft-lbs at — 125°F, notch parallel. 


(B) BYERS WROUGHT IRON 


TUBULAR AND FLAT ROLLED PRODUCTS 


For more information, turn to Reader Service card, circle No. 538 
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How to plan a program of engi- 
neering education in the materials 
sciences will be one of the many im- 
portant problems tackled at the 
62nd annual meeting of the Ameri- 
can Society for Testing Materials, 
June 21-26, Chalfonte-Haddon Hall, 
Atlantic City, N.J. 


Establishing a curriculum 

This special symposium on Edu- 
cation in Materials will be jointly 
sponsored by ASTM and the Ameri- 
can Society for Engineering Edu- 
cation. Specific questions to be con- 
sidered are: How shall the various 
curricula handle materials? Shall 
students be given courses involving 
specific information on the prop- 
erties of families of materials, or 
shall they be given courses which 
fall in the “materials sciences en- 











ASTM Meeting To Highlight Materials Education 


vironment,” involving a great deal 
more physics, chemistry and mathe- 
matics? What is the consensus in 
industry of what the graduate should 
know? 

These questions will be discussed 
by a panel composed of the follow- 
ing leaders in industry and engineer- 
ing education: Kenneth B. Woods, 
president of ASTM and head of the 
School of Civil Engineering, Purdue 
University; William T. Alexander, 
president of AIEE and dean of en- 
gineering, Northwestern University; 
F. L. LaQue, ASTM senior vice 
president and manager of the Devel- 
opment and Research Div., Inter- 
national Nickel Co.; Glenn B. War- 
ren, president of the American 
Society of Mechanical Engineers and 
vice president of the Turbine Div., 





“... and then we have a hot-weather model with natural shoulders and high 


salt spray resistance!” 








General Electric Co.; Glenn Murphy, 
vice president of ASEE and head 
of the Department of Theoretical 
and Applied Mechanics, Iowa State 
College; Professor John B. Wilbur, 
Massachusetts Institute of Tech- 
nology; and Albert G. H. Dietz, act- 
ing head, Building Engineering and 
Construction, Massachusetts Insti- 
tute of Technology. 


Various points of view 

Other major topics to be covered 
by the panel are: 1) the points of 
view of ASTM, the educator and 
industry on education in materials; 
2) the nature and properties of 
materials (ASEE report on evalua- 
tion of engineering education); 3) 
a discussion of the above report 
from the point of view of the phy- 
sicist and civil engineer; and 4) a 
summary of a survey on projected 
degrees in materials engineering. 

Other sessions scheduled for the 
62nd annual meeting include: use 
of isotopes in metal analysis and 
testing, basic research, standard- 
ization of materials for nuclear re- 
actors, fatigue, effect of temperature 
or materials, stainless steel, spec- 
troscopic excitation sources, new 
polymers, and general testing. 


Underwriters Restrict 
Plastics in Appliances 


The dilemma and the confusion 
recently caused by Underwriters 
Laboratories, Inc. (UL) in the plas- 
tics and electrical appliance in- 
dustries may be cleared up by now. 

The trouble started with UL bul- 
letin 484 which restricted the use 
of plastics in room air conditioners, 
refrigerators, radios and television 
sets to “self-extinguishing or better 
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When You Do It Yourself 





tubing 


The Best In Teflon 


It’s a matter of good precaution—Getting the full advantages 
of this material depends largely on the processing ability of 
your supplier. He must meet all of these qualifications: 


| Fabricating experience, facilities and rigid quality control to 
supply a uniform, non-porous Teflon, free from any flaws, thus 
eliminating costly rejects or malfunction of your end product. 


Dimensional accuracy—no matter what form you order, it 
should be carefully sized to industry specifications. Any 
waste of Teflon adds substantially to its cost, and correc- 
tive finishing in your own shop unnecessarily adds produc- 
tion time and expense. 


Under the name, Chemlon, “John Crane” gives you full satisfaction 
on each of these points, plus engineering assistance on any problem 
you might have. 


Contact “John Crane" about your specific needs. 
Also ask for Bulletins T-110 and T-122. 


Crane Packing Co., 6460 Oakton Street, 

Morton Grove, Illinois, (Chicago Suburb) 

In Canada: Crane Packing Co., Ltd., Hamilton, Ont 
*DuPont Trademark 


oy =o SY & & 


L 
MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS 


Os a ee ee Oo Oo ee 


OFFICES IN ALL PRINCIPAL CITIES 
For more information, turn to Reader Service card, circle No. 478 
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types.” Many plastics producers and 
fabricators, as well as electrical ap- 
pliance manufacturers, expressed 
concern over the ruling and re- 
quested a “meeting of clarification.” 

So far two meetings have been 
held. They were attended by repre- 
sentatives of the National Elec- 
trical Mfrs. Assn., the Society of the 
Plastics Industry, Inc., the Manu- 
facturing Chemists Asen., Inc., the 
general manager of the National 
Board of Fire Underwriters, and the 
officers of UL. Unfortunately, the 
result was “further misunderstand- 
ing,” and a third meeting has been 
scheduled. M/DE will publish re- 
sults of this meeting as soon as they 
are available. 


Special Courses on 
Engineering Materials 


Here is another report on special 
courses on engineering materials be- 
ing offered by leading universities 
and colleges: 


Ohio State University—Welding En- 
gineering: covers all types of weld- 
ing processes, surface preparations 
and testing (June 15-25); Nonde- 
structive Testing: covers 1) basic 
principles underlying all forms of 
nondestructive tests and their indus- 
trial applications; 2) advantages and 
disadvantages of 12 individual test 
methods; 3) equipment, procedures 
and techniques of testing; and 4) 
interpretation of test indications in 
terms of material discontinuities and 
serviceability. In addition, the course 
will cover critical properties of engi- 
neering materials, effects of process- 
ing and fabrication, and the signifi- 
cance of service conditions and fail- 
ures (Sept 14-25). 


Massachusetts Institute of Technol- 
ogy—Bearing Technology: a sum- 
mary of basic principles and new 
developments. To be covered are: 
auto-lubricated and externally pres- 





USE THE ‘SELECTOR'—You will find 
properties of most engineering mate- 
rials, plus names and addresses of 
suppliers, in M/DE’s Materials Selec- 
tor reference issue, published last 
October. 

















Experience—the added alloy in Allegheny Ludium foo/ stee/s 


YW. 
be 


a 


QUICK, FAST TESTING for carbon content is done 


not once or twice but 8 times per melt in A-L’s Chem 
Lab with this direct reading Leco carbon determinator. 


Carbon content checked 8 times during melt 
to guarantee A-L tool steel hardenability 


Lab tests for carbon eliminate your guesswork; 
provide high hardness, uniform hardenability, 
reproducible tool performance. 


Because carbon has the greatest influence on hard- 
enability, Allegheny Ludlum watches it carefully during 
the melt. Testing a specimen for carbon takes only a 
few minutes. Therefore, A-L checks for carbon content 
8 times during the melt, and makes the necessary adjust- 
ments to insure accurate control of carbon. This control 
means Allegheny Ludlum can hold carbon content to 
a closer range than most customers specify. 

Carbon control at Allegheny Ludlum assures you of 
precise response to heat treating. This control in the 
melt brings you predictable, high hardness, uniform hard- 
enability and reproducible tool performance. 

This is just one of the many things A-L does to insure 


wew.-726! 


high quality. Here are some others: close control over 
forging techniques, rigid temperature-time program- 
ming, careful testing of billets prior to processing to 
insure good surface and sound interior, control over 
annealing to give you the right hardness for your 
exact machining operation, thorough metallurgical test- 
ing to insure top tool steel quality and meeting of your 
specifications. 

Allegheny Ludlum stocks a complete line of tool 
steel sizes and grades. Call your nearest A-L representa- 
tive; you'll get quick service and counsel on such 
problems as heat treating, machining, grade selection, 
etc. Or write for A-L’s publication list which gives full 
data on the more than 125 technical publications offered. 
They'll make your job easier. 

ALLEGHENY LUDLUM STEEL CORPORATION, 
Oliver Bldg., Pittsburgh 22, Pa. Address Dept. um-is 


ALLEGHENY LUDLUM (4 


Tool Steel warehouse stocks throughout the country... Check the yellow pages 
every grade of tool steel... every help in using it 


For more information, turn to Reader Service card, circle No. 487 





INJECTION MOLDED FAN 


Without 
COSTLY TOOLING 


Bere o Oue Way 


EASTMAN KODAK uses HYSOL 
TOOLING PLASTICS in the 
development of their world- 
renowned camera equipment- 


How it's done 


What it accomplished 


When Eastman Kodak needed to design 
and produce a new type of cooling fan 
for its 300 watt Kodak Slide Projector, 
the cost of making a conventional pro- 
duction tool for sample parts was a major 
consideration. Possible design changes 
during developmental stages also meant 
expensive and time-consuming metalwork- 
ing. 

Model of fan That's when HYSOL TC-2204 epoxy 
plastic for tooling was used. With the 
ability to produce prototype parts and 
easily incorporate design changes, this 
fast, low-cost method resulted in a fan 
proven without question for future pro- 
duction. Further, the original mold was 
used to make production injection molded 
parts for demonstration purposes. Of 
real importance, additional molds for 
other applications can be reproduced 
with minimum time and expense. 


Next time you have design and pro- 
duction problems, investigate how HYSOL 
plastic tooling materials can help you. 
Write for free technical literature. 


Mold cast from model 


A product of 


HOUGHTON LABORATORIES INC. 


OLEAN, NEW YORK e SO. EL MONTE, CALIFORNIA 
HYSOL (CANADA) LTD.. TORONTO 


For more information, turn to Reader Service card, circle No. 497 
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surized thick-film bearings, rolling- 
contact bearings, and boundary lub- 
ricated bearings. Also, abnormal op- 
erating conditions such as extremes 
of temperature, pressure and speed 
(June 16-26). Mechanical and Phys- 
ical Properties of Plastics: a survey 
of present developments in experi- 
mental methods and _ techniques. 
Properties to be covered include: 
viscoelastic behavior, impact strength, 
molecular orientation, viscous flow, 
reinforcement, and _ stress-cracking. 
Test methods to be covered include: 
high speed stress relaxation, vibra- 
tion, birefringence, x-rays, and 
nuclear magnetic resonance (June 
22-26); Adhesion: Theory and Prac- 
tice: survey of present status of ad- 
hesive bonding. Subjects to be cov- 
ered include: solid surfaces, wetting, 
tackiness, setting of the adhesive, 
final strength of joints, stress con- 





Materials testing reactor— 
Shown in the photo above is a 
view of what is said to be the 
first privately financed materials 
testing reactor built in the 
United States. Owned and oper- 
ated by General Electric Co., the 
test reactor will be used chiefly 
for irradiation testing of fuel 
elements and other reactor com- 
ponents. According to GE, the 
testing facilities will also be 
available for research and de- 
velopment to organizations in 
the chemical, metal, petroleum, 
electronics, aviation, plastics 
and rubber industries. The re- 
actor is capable of producing 
30,000 kw of heat. 











How Futorian used DYLITE® plastic to design 


a chair frame that is stronger, yet 66% lighter than wood 


This is the new approach in upholstered furniture! By using 
DyLitE expandable polystyrene, Futorian-Stratford molds-to- 
shape the entire frame of this chair in a single operation. 

To develop this chair, Futorian’s designers needed a material 
that allowed greater freedom in designing the frame. DyLItt 
provides that freedom, because it can be molded to almost 
any size or shape. Every Dy tite frame is identical; there is 
no variation in size or shape; all covers can be pre-cut and 


pre-sewn. In addition, DyLite is strong, lightweight, shock- 


Offices in Principal Cities - In Canada: Dominion Anilines and Chemicals Ltd., Toronto, Ontario 


KOPPERS PLASTICS 


DYLENE® polystyrene, SUPER DYLAN® polyethylene and DYLAN® polyethylene 


absorbent, water-resistant and economical to use. It is also 
a superb insulator. 

If you’re working closely with the furniture, packaging, 
boating, building, air conditioning and refrigeration indus- 
tries, be sure to give careful consideration to DyLITE when you 
tackle your next assignment. For additional information 
on Dy.ite expandable polystyrene, write to Koppers 
Company, Inc., Plastics Division, Dept. MDE-69, Pittsburgh 19, 


| 
a 
KOPPERS 
WwW 


Pennsylvania. 


are other fine plastics produced by Koppers Company, Inc. 


For more information, turn to Reader Service card, circle No. 530 





ULTRASONIC 
BREAKTHROUGH! 


ONLY ACOUSTICA 
ULTRASONIC 
CLEANERS HAVE 


MULTIPOWER! 


The Multipower transducer developed by 
Acoustica research, multiplies the power 
and efficiency of ultrasonic action. Clean- 
ing is faster, better, labor costs are lower. 
Acoustica ultrasonic cleaners are built for 
performance and durability. They are 
engineered to the finest standards, un- 
equaled in quality and value. 


Off-the-shelf in capacities from 1 to 75 gal. 
or custom built to 5000 gal. and more. 
Expert Acoustica engineers can help you 
with your cleaning problems. Send for 
further information. 


lM tu 
i Los. Mincties 


acoustica 


LEADER IN ULTRASONIC RESEARCH 


Dae eee Se 


Acoustica Associates, Inc. 

Dept.) Fairchild Court, Plainview, N. Y. 
Send information describing advantages of 
Acoustica ultrasonic cleaners 


Name. 





Company. 





Address. 





City. Zone___State— 
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centrations in joints, elastic and plas- 
tic deformation, nondestructive test- 
ing, effects of environment, strength 
and thickness, and essential proper- 
ties of adhesives (June 29-July 3). 


Previously announced 


New York University—Thermoelec- 
tric Materials (June 15-19); Ductile 
Iron (June 29-July 3); Titanium 
Metallurgy (Sept 14-15). 
Pennsylvania State University—Ma- 
chinability (June 7-12); Plastics 
(June 28-July 3) 
Massachusetts Institute of Technol- 
ogy—Corrosion (June 22-26); Mate- 
rials for Parachute and Retardation 
Devices (July 20-31). 

Sinter- 
ing and Related Phenomena (June 
5-17). 


Boston College—lIndustrial Spectrog- 
raphy (July 20-31). 


University of Michigan—Application 
of Stress Analysis to Design and 
Metallurgy (June 22-25); Modern 
Approach to Machining Problems 
(Aug 24-28). 


Special undergraduate program 


Pennsylvania State University— 
Starting this fall, a special curricu- 
lum is being offered in engineering 
mechanics. Students will have the 
choice of two options: mechanics or 
materials. The mechanics option will 
cover the mathematical aspects and 
will provide specialized training for 
stress and vibration analysts. The 
materials option will provide a broad 
basic program by combining course 
sequences in advanced mechanics, 
metallurgy, industrial engineering, 
physics, chemistry, and the various 
engineering sciences. 


Engineers 


George Cory has been appointed 
chief engineer, Essex Conveyors, Inc. 
Robert A. Heath has been named 
manager of engineering, Warner 
Electric Brake & Clutch Co. 


Charles Hewitt has been made chief 
engineer and William Dunn assist- 
ant chief engineer, Vinson Mfg. Co. 


John T. Lurcott has been appointed 
product engineer, Product Engineer- 





...a setko 
self-locking 
set screw 


for every problem! 


. And, every Setko Self-Locking 
set screw is an ace performer! Each 
one depends on a specific design 
principle to lock fast. 

They provide positive locking 
action...speed assembly and cut 
costs by utilizing standard driving 
techniques . . . don't require special 
tapping. All are available in regu- 
lar points, patented Nu-Cup point, 
and standard sizes and threads. 
With the Setko System, they can 
be hopper-fed in sizes as small as 
#2 (.086” x Ye”). 
ZiP-GRIP ® SET SCREWS 
Exclusive Contra-Thrust 
action locks at any 
point. Solves problems 
of loosening due to 
wear, clearance in the 
thread, or vibration. 
Can be re-used. 
OFFSET SET SCREWS 
kh When driven, two off- 
set edges in threaded 
portion exert powerful 
spring pressure. Not 
affected by extreme 
variations in tapped 
holes. 
le LOK SET SCREWS 
New, original design 
doesn’t require precise 
tapping. Can be re-used 
repeatedly. Amount 
of lock can be altered 
by changing tap drill 
POINT-LOK SET SCREWS 
This design ends top- 
screw loosening on 
two-screw applications. 
Lower screw can be 
locked with Point-Lok 
without disturbing 


original setting. Can 
be re-used 


SPRED-LOK® SET SCREWS 
This design is for soft 
metal applications. Top 
is “‘spread”’ slightly to 

take up “flow”’ of soft 
metal. Can be re- 
u 


“OPERATION RE-ANALYZE 
FOR COST REDUCTION” — A new Free 
Setko service designed to help you cut 
costs—speed up production—increase quality 
... Setko Engineers have helped many 
Companies save thousands of dollars 
through planned re-analysis of their 
an ere gee slabbed set screws 
as well as socket cap roe 
screw needs. Write to- kv 
day for full informa- Pee 
tion... Ask about 

“Operation Re- 

analyze.’ 


& Dh4fg. Co. 


149 Main Street, Bartlett, lilinois /;.onrR 
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Progress Report on 


TWO NEW METHODS OF 
TUBULAR COMPONENTS PRODUCTION 


Special metal-working techniques are 
being used by the Tapco Group to pro- 
duce tubular members with distinct 
advantages for hundreds of aircraft, 
missile, industrial and consumer- 
product applications. Two of these 
techniques, Metal Gathering and Flo- 
trusion*, offer important solutions to 
designers and engineers with the prob- 
lem of tubular parts production. 


METAL GATHERING 

Using the Metal ae process, a 
portion of a metal tube is heated in a 
resistance unit, then “gathered” into a 
— lump or mass at either or both 
ends of the tube. The heated end-mass 
can then be immediately extruded or 
forged to any desired rough configura- 
tion. After gathering or forging, an 

machining operation needed to finish 
the end is readily done right in the 
shops of the Tapco Group. Examples 
of tubing end-features — by 


this process are illustrated in Figure 1. 


Metal Gathering by the Tapco meth- 
od offers several advantages: one-piece 
parts free from welds, brazing, or 
mechanical assembly; minimum 
machining for end features; no 
machining of tube interior to reduce 
wall wr Sona better grain flow for 
greater strength and fatigue resist- 
*Reg. Trademark — Used under License from Flotrusion, Inc. 


Figure 1—Typical end-features that are readily 
produced in tubing by the Tapco Group using the 
versatile, cost-saving Metal Gathering process. 





Peed 
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Figure 2—Flotrusion produces any desired variation in metal tubing, including those illustrated here. 


ance; uniform heat-treatment because 
the whole part is formed from tub- 
ing; heavy sections are integral with 
tubing; no excess metal required, 
hence material cost is less; a rapid 
process for reproduction once ro 00 
is established. 


The Tapco Metal Gathering process 
is readily applied to any metal, includ- 
ing steel, stainless steel, aluminum, 
titanium, and zirconium. 


Designs are almost unlimited in 
size, complexity, and features. A broad 
range of tubing lengths, diameters, 
and wall thicknesses can be handled 
by the Metal Gathering process. Close 
tolerances can be supplied; grinding, 
polishing, or honing can be — 
reduced, and in some cases eliminated. 
One-piece parts replace multi-part 
assemblies. The process can also be 
used at various points along the length 
of the tubing. 


FLOTRUSION 


The Tapco Flotrusion process per- 
mits cold-drawing of tubing into vari- 
ous internal and external thicknesses, 
configurations, sizes, and shapes, 
shown in Figure 2. The process was 
developed to permit high-production 
rates of parts normally employing high- 
cost machining or polishing. Flotru- 
sion can also be combined with the 
Tapco Metal Gathering process to pro- 
duce an almost limitless variety of 
end-features, wall-thickness variations, 
and other features in tubing. 


Tapco Flotrusion offers these 
advantages: 

Heavy wall sections can be devel- 
oped at one or both ends of cylindrical 


forms to provide for bearings, threads, 
or weldments, 

Uniform wall thickness can be pro- 
vided with smaller or larger diameters 
on the tube, 

Surface finishes of excellent qual- 
ity are standard, without expensive 
machining or polishing, 

Burring and honing are not required, 

Grain structure is improved, and 
additional heat-treatment can often be 
eliminated since cold-working im- 
proves tensile strength, 

Tubing that has been heat-treated 
before Flotrusion gains added strength 
by cold-working, 

Non-heat-treatable metals also gain 
strength by the cold-work effect of 
Flotrusion, 

No excess material is required oe 
Flotrusion requires only the exact vol- 
ume of material that the finished part 
requires. Material cost is kept down. 

All forgeable metals can be pro- 
cessed by Flotrusion . . . alloy and 
stainless steels, aluminum, titanium, 
zirconium, and others. 

Tube diameters from 0.060” to 10” 
can be worked on present Flotrusion 
equipment at Tapco’s completely- 
equipped plant. Lengths to 15 feet 
have been processed, but longer 
lengths and larger diameters are within 
the range of Tapco capabilities 
and facilities. 

The configurations shown will give 
you ideas of how you can reduce the 
cost of tubular components by Metal 
Gathering or Flotrusion or a combina- 
tion of the two. A 16-page design and 
data book on both processes will be 
sent to you on request. 


TAPCO GROUP 


Thompson Ramo Wooldridge Inc. 


DEPT. MO-659 + CLEVELAND 17, OHIO 


BSE te 
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Edwin F. Oblinger, Chief Engineer, 
Parker Sweeper Company, says: 


“WE THREW OUT 
PRESS FITS 
FOR BEARINGS... 


“We used interference fits to pre- 
vent bearing races from turning 
in the gear box of our 4HP Turbo- 
sweeper. Maintaining close toler- 
ances was a constant headache. 
If the fit was loose, the race would 
slip and fret the surfaces; if the 
fit was tight, the race would de- 
form and bearing life would be 
shortened. Then we discovered 
Loctite Liquid Sealant would do 
away with the need for press fits. 
We opened up the tolerances for 
both shaft and housing and used a 
slip fit, filling the clearance with 
Loctite. The bearings are retained 
with a force equal to the cus- 
tomary interference fit, but we've 
reduced rejected parts from 8% to 
less than 1% and reworked parts 
fell from 20% to 0! Field reports 
are excellent.” 





LIQUID 
SEALANT 
replaced 
interference 
fits and 
opened up 
tolerances 
almost 0.002 
in. on shaft 
and housing 
for this 
ball bearing 
assembly. 
Load of over 
1000 Ibs. is 
needed to 


break bond 


Loctite is a penetrating liquid 
that hardens pat after being con- 
fined between closely fitted metal 
parts. In the absence of air, the 
sealant hardens into a strong, heat 
and oil-resistant bond. The hard- 
ening action may be accelerated 
by heating. 

Loctite eliminates the 

need for interference 

fits on bearings, sleeves, 

shafts and studs... 

locks nuts to bolts, seals 

pipe and tubing joints. 

For literature and free 

sample write to: 


LOGTIT | penesur 


AMERICAN SEALANTS COMPANY 


209 Woodbine St., Hartford 6, Conn. 
Stocked by bearing and industrial distributors 
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ing and Development Dept., Alloy 
Tube Div., Carpenter Steel Co. 


John Liu has been appointed associ- 
ate director of research and develop- 
ment, Clearing Div., U. S. Industries, 
Inc. 


Russell G. Heyl, Jr. has been named 
chief engineer, research and develop- 
ment, American Metal Products Co. 


Stanley Seitz is now coordinator of 
manufacturing engineering, Ameri- 
ean Electronics, Inc. 


Cyrus C. Haynie has been named 
assistant to the plant manager, San 
Diego plant, Solar Aircraft Co. 


T. C. Warner, Jr. has been appointed 
chief development engineer, electro- 
mechanical section, Vibration Equip- 
ment Div., MB Mfg. Co. 


M. F. Filiatraut has been named pro- 
duction superintendent, Baker Per- 
kins Inc. 


John H. Scherer has been appointed 
general manager, and Edward C. M. 
Homan has been named director of 
research and product development, 
Electro-Technical Div., Sun Chemical 
Corp. 


Allan Ray Putnam has been ap- 
pointed managing director, American 
Society for Metals. 


W. W. Durand has been named chief 
metallurgist, Park Works, Crucible 
Steel Co. 

Richard H. Starrett has been ap- 
pointed chief production engineer, 
Pfaudler Co., a division of Pfaudler 
Permutit Inc. 


John A. 
chief engineer, 
tric Co. 

Dr. Louis B. Kahn, Shell Develop- 
ment Co., has been elected a Fellow 
of the Royal Statistical Society. 


Draxler has been named 
Elwell-Parker Elec- 


Jean L. Lewis has been appointed 
technical director, Eli Sandman Co. 


Vern H. Weatherston has been named 
manager of product analysis, Utah 
Div., Thiokol Chemical Corp. 


Robert A. Manogue has been ap- 
pointed product manager, pumps and 
controls, Denison Engineering Div., 
American Brake Shoe Co. 


George C. Stradley has been named 
group leader in charge of chemical 
engineering research, Michigan Che- 
mical Corp. 


Julius P. Zeigler has been appointed 
to the newly created position of 
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CALL MEY 


MISTER « 
CALL ME— 


metallurgist 
metals engineer 
material specifier 
product engineer 
value analyst 
designer 

process engineer 
purchasing agent 


BUT 
CALL 
ME 
SMART 


aS 
ea x 4 
—pe, 
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Pm Specifying 


INVESTMENT 
CASTINGS 
MADE 

WITH 


R-Mer 


CERTIFIED 
ALLOYS 


_ from 
W.. BA-. 


ALLOYS CO. 
1999 GUOIN STREET 
DETROIT 7, MICHIGAN 


DIVISION of CONSOLIDATED 
FOUNDRIES & MFG. CORP. 
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Unique Mill Forges and Rolls 
circular products in one operation 


In less than one minute, this Bethlehem mill—the only one of its kind in the country 
—turns out a top-quality impression-die steel forging at a cost that’s hard to match. 


This is Bethlehem’s famed circular- 
products mill—the Slick Mill. Named 
for its designer, Edwin E. Slick, this 
unique machine produces impression- 
die circular forgings ranging from 10 
in. to 46 in. OD; as-rolled weights 
ranging from 100 to 2,000 Ib. It han- 
dles almost any grade of steel—carbon, 
alloy or stainless, as well as certain 


heat-resistant grades. 


How It Works 

Designed to operate in a horizontal 
plane, Bethlehem’s Slick Mill is con- 
structed with two revolvable spindles on 


which face plates are mounted. These 
face plates support the impression dies 
that form the steel billet into shape by 
a combination press and rolling action. 

After the steel billet is heated and 
descaled, it is centered between the 
dies of the Slick Mill. Then a 1500-ton 
hydraulic ram actuates the spindle on 
the straight side of the mill, upset 
forging the billet. When this cycle is 
completed, a 2,000-hp motor actuates 
the spindle on the angle side of the 
mill and the rolling cycle begins. By 
continuing the upsetting action and 
rotation of the dies and work, the 
material flows into the recesses of the 
dies, resulting in the desired shape. 
The entire rolling cycle takes about one 
minute. 

After rolling, excess material in the 
form of flash is sheared off; the hub, 
when necessary, is punched; and the 
forging is inspected. 





ke 40%" 


7 
THIN DISC SHAPES like this are 
easy to forge on the Slick Mill. 


Cost-Saving Features 


Quick operation: Only one minute is 
needed to convert a heated slug into a 
contoured forging, whether the prod- 
uct weighs 100 or 2,000 Ib. 

Quick die changes: Only 15 minutes 
are needed to change and set up dies. 
Even production runs as small as 25 
or 50 pieces are economical. 


Low die charges: Since contact time 
between die and work is very brief, 
and because there is no impacting, 
low-cost die blocks can be used. In 
many cases, die charges are ¥% to 2 
less than conventional impression dies. 
Less steel needed: Utilizing the prin- 
ciple of forging design, the Slick Mill 
can produce lighter-weight sections 
without sacrificing strength. 

Good physical characteristics: The 
process insures excellent grain flow, 


machinability and soundness. 


Bethlehem’s Slick Mill is readily 
adapted to jobbing or production 
quantities of forged circular products 
such as: gear blanks, fly wheels; crane 
track wheels; sheave wheels; brake 
drums; clutch discs; couplings; tre 
moulds; and turbine or compressor 
wheels. Products may be specified as- 
rolled or rough machined to specifi- 
cations. 

Your inquiry—whatever the quan- 
tity involved—will receive prompt at- 
tention. Call or write the Bethlehem 


sales office nearest you today. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast Steel Corporation. Export Distributor: 
Bethlehem Stee! Export Corporation 


BETHLEHEM 


STEEL 
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another new 
exclusive 


manager, high energy materials op- 
erations, Celanese Corp. of America. 


Robert T. Steindorf has been ap- 
f pointed director of research and 
H development, Chain Belt Co. 


Was her. Cecil S. Allen has been named direc- 
| tor of engineering, electrical pro- 
ducts group, Electric Auto-Lite Co. 
Erwin Rausch is now plant man- 
ager, Telectro Industries Corp. 
Dr. L. J. Castriota has been named 
femal a consultant, Research & Develop- 
ment Div., Polytechnic Research & 


standard full washer Development Co., Inc. 
washer diameter 


ae aoa Donald E. Wolff has been named 


GRC makes new exclusive low cost fasteners with integral 
Washer Bases for better fastening performance and ap- 
pearance. Won't mar soft surfaces. Use with oversize or 
offset holes. Prevents wrench marks. All these advantages 
at no extra cost to you. Use standard diameter nuts 
wherever regular cap nuts would be used alone — full 
diameter nuts wherever regular cap nuts would be used 
with separate washers Both closed end and open end | 2 ° ° 

oy mp thread sizes from No. 4 through '/,"— an tal sal tented ae eS See wee, Fue 

4 hex sizes. a), ; iv i i 

v. erling Rubber Co. 
. Rustproof and corrosion resistant . a ——" pa “t | one ee ° 
No tool marks or cut off burrs 
@ Save assembly time—inventory costs a oor ae Robert J. Prochaska has been named 
advance development _ specialist, 


Cap Nuts and Wing Nuts in a wide range of styles ‘s= 
and sizes. Write today for new detailed catalog. : fi. Chemical Materials Dept., General 
Electric Co. 


GRIES REPRODUCER CORP : 
Harold F. Schulte has been an: ointed 


World's Foremost Producer of Small Die Castings > . a) 
153 Beechwood Ave., New Rochelle, N. Y. © NEw Rochelle 3-8600 chief engineer, Wheelabrato Corp. 








T. R. Simkins is now director of 
Research and Product Development, 
Arvey Corp. 


Robert H. Sprague is head of Hori- 
zons Inc.’s Dept. of Chemistry. 


David L. Matthews has been ap- 
pointed manager of manufacturing, 
Goodrich-Gulf Chemicals, Inc. 


K. H. Carlson has been appointed 
technical manager of specialty steels, 


Here is a tensile testing “department” | Latrobe Steel Co. 
in a single machine! : ‘ef 
This unique new non-mechanical, iner- John Fuqua has been appointed chie 
tialess, electric-weighing tester gives plant metallurgist, Cooper Alloy 
extreme sensitivity of response, and un- Corp. 
surpassed accuracy at all ranges. In 
a single tester, you have tremendous | Judson W. Arnold has been named 
scope of specimen leading and clenge- to the newly created post of director 
3) tion rer - 
7 winigan Resins 
A @ LOAD across 10” recorder span may | of development, Shawiniga 
be switched by pushbutton instantly, Corp. 
, o ° . 
oe Cae Se Sen oe Se Ee T. Frank Saffold has been appointed 


of force divider in place. Thus it : 
is always possible to have the load manager, Specialty Transformer 


i © a) ¥ . 
=~ =) picture occupy the majority of the | Dept., Westinghouse Electric Corp. 
recorder span. Load ranges from .05 | . 
. Ib. to 1,000 Ibs. Otto J. Leone has been named engi- 
=) = ELONGATION— infinitely variable spe- neer for steel industry applications, 
( cimen elongation speeds from .05”/- | Bristol C 
min. to 20”/min. instantly adjusted risto 0. 
b - i one . . 
y selector. Absorption of sample Philip R. Geffe is now chief filter 


gage length and elongation up to - " 7 . 
60”. Ability to magnify elongation engineer, North Hills Electric Co., 


up to 400 to 1. Over 150 clamps and | Inc., Mineola, N. Y. 


{ : i holding devices. ? 
wh Qo pee ASSURANCES are built in for preci- Howard K. Norris has been named 
. sion, ensuring the highest order of production manager, Mechanical 
ac > = . 
ee petra penne py~ BR Goods Div., U. S. Rubber Co. 
REQUEST “CRE BROCHURE” Dr. George Odian, Jerome Goodman 
and David Sahud have been named 


ONSTANT TENSILE ‘ 
ATE-OF ELONGATION § C 0 TT T ESTE RS » we. | senior scientists, Radiation Applica- 


65 BLACKSTONE ST. tions Inc. 
—— — PROVIDENCE, R. 1. (News of Companies on p 218) 


TEAR TEST 
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CRYOGENICS 
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How Lukens Application Research helps you 
find the right steel plate for the job 


If your assignment is designing equipment 
for extreme low temperature service—our 
Application Engineering staff can help you. 
They research problems of every descrip- 
tion from the design stage right through to 
how the equipment has performed for years 
after its installation. 

Missile components and liquefied gas 
tanks would be dangerously susceptible to 
cracking if made from ordinary steel. Seek- 
ing economical metals for such applications, 
Lukens engineers began years ago to watch 
the performance of nickel bearing alloys in 
a variety of low temperature equipment. 
Result: a broad understanding of metal be- 
havior at various low temperature levels. 

Examples: In the storage of liquefied oxy- 
gen, a tank of Nine Nickel steel provided 


more than eight years of trouble-free per- 
formance. Suitable to minus 320°F. service 
the steel showed no signs of cracking when 
removed for inspection. In frigid chambers 
for testing high altitude aircraft, 21/2 percent 
nickel steel is standing up well under pres- 
sures as high as 7,000,000 pounds. And in 
arctic locomotives operating at tempera- 
tures to minus 50°F. on rugged mountain 
roadbeds, main structures of Lukens “T-1” 
Steel have required no maintenance what- 
soever. 

Lukens Application Engineers know these 
cases ... plus many more. If your assign- 
ment is cryogenics, why not let it be our 
assignment, too? Contact Manager, Appli- 
cation Engineering, D 69 Services Building, 
Lukens Steel Company, Coatesville, Pa. 


ASK FOR LUKENS NINE NICKEL STEEL BULLETIN 


For more information, turn to Reader Service card, circle No. 525 
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FORMULA 
FOR 
REDUCED 
ASSEMBLY 
CcCosTs 


You choose a tubular rivet for your de- 
sign because of its low-cost efficiency. 
But what you save at the design stage 
may be lost in production unless parts 
are riveted with automatic riveters. 
Milford Tubular Rivets and Riveters 
should be paired for maximum cost 
savings. Mention this to your produc- 
tion engineers. 
For the answers to assembly problems 
get in touch with Milford first! 


MILFORD RIVET 
@& MACHINE CO. 


MILFORD, CONNECTICUT ° HATBORO, PENNA. 
ELYRIA, OHIO + AURORA, ILL. + NORWALK, CALIF. 
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Companies 


Vanadium-Alloys Steel Co. and La- 
trobe Steel Co. have almost simul- 
taneously announced completion of 
expansion programs involving instal- 
lation of new consumable electrode 
vacuum are melting furnaces. Vana- 
dium’s furnace, a 24-in. unit, will be 
used to increase production of highly 
refined bearing steels, ultra high 
strength steels, high temperature 
alloys and reactive metals. Latrobe’s 
furnace, a 20-in. unit, will be used 
to increase production of highly re- 
fined tool steels, bearing steels, high 
temperature alloys and high strength 
steels. 

Morningstar-Paisley, Inc., has formed 
a new Gum and Technical Products 
Dept. 

Crippen Laboratories, Inc., is the 
new name for Crippen and Erlich 
Laboratories, Inc., a subsidiary of 
Foster D. Snell, Inc. Crippen Lab- 
oratories has moved to 1500 Guilford 
Ave., Baltimore 2, Md. 


James F. Lincoln Arc Welding 
Foundation, Box 3035, Cleveland 17, 
Ohio, has announced a $50,000 Ma- 
chine Design Award Program for 
papers describing the use and ad- 
vantages of arc welding in the de- 
sign and manufacture of machinery. 
The contest closes July 20. 


Turco Products, Inc., will move into 
its new multi-million-dollar head- 
quarters in Wilmington, Calif. by 
the end of this month. 


Spencer Chemical Co. will expand 
polyethylene production at its 
Orange, Tex. plant. 

Solar Testing Service is a newly-es- 
tablished commercial proving ground 
located at 4165 SW 11th Terrace, 
Broward County International Air- 
port, Fort Lauderdale, Fla. 


National Starch and Chemical Corp. 
is the new name for National Starch 
Products Inc. 


Techline Div., Wheelabrator Corp., 
has established a new warehouse and 
processing laboratory at 2602 E. 
Foothill Blvd., Pasadena, Calif. 
Hamilton Standard, a division of 
United Aircraft Corp., has estab- 
lished an advanced product planning 
group within its Engineering Dept. 
Seymour Mfg. Co. has expanded its 
facilities to include the manufacture 
of stainless steel strip. 
Electro-Mechanical Div., Neptune 
Meter Co., is the name of a new 
division formed by the merger of 
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, \ 
jy why buy \ 
/more pounds, 
I 
\ of steel | 
Wee Grima! y 
\. need? 


save this 
needed 
steel cost 


Have you compared the cost’ per 
foot of the solid stock you may now 
be using with the per foot cost of 
tubing? By designing and building 
with hollow steel tubing to begin 
with instead of solid stock, de- 
signers and engineers have often 
found that a great deal of money 
can be saved. This can also mean 
a tremendous reduction in overall 
unnecessary weight without sacri- 
ficing in the least any needed 
strength or durability. In fact the 
opposite is often true. The use of 
steel tubing can mean reduced cost 
of material and weight with ad- 
equate strength. Standard is anx- 
ious to analyze your mechanical 
requirements and suggest where 
possible how tubing can help your 
specifications take 
shape...at a lower cost. 
FREE: A vitally important 
table comparing the weight sav- 
ings of hollow tubing versus 


solid stock to help you reduce 
steel costs. Write address below. 


STANDARD 


THE STANDARD TUBE COMPANY and 
MICHIGAN STEEL TUBE PRODUCTS DIVISION 
24400 Plymouth Road «¢ Detroit 39, Michigan 
Welded statniess tubing and pipe « Welded carbon 





| steel mechanical Botler and Heat Exchanger « Exclu- 


stove rigidized patterns « Special Shapes ¢ Steel Tubing 
— Sizes: 4" OD to 6° OD—.028 to .270 wall « Statn- 
less— Sizes; 4%" OD to 4%" OD—.020 to .187 wall 
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gives you 


MEL-TROL 


design insurance 
on parts like this 
jet engine ring 


This design calls for a high temperature alloy bar to be bent and 
flash-welded into a ring. When it is machined to cross section, 
as much as 40% of the metal is machined away. 


In a part like this, you really end up with nothing more than 
the core of the bar with which you start. . . 
which was once the core of an ingot. 


That is why, in almost every case, poor service or high reject rates 
in parts like this can be traced to inconsistency in the ingot. 

You get a good part only when the steel ingot itself 

is consistent through the core all along the centerline. 

That’s what MEL-TROL gives you. 


MEL-TROL achieves greater uniformity in ingots than any other 
known system of steelmaking today. It is a process combining an 
exclusive, patented ingot mold design with an integrated system 
of quality controls. The result is the most complete freedom 
from variation in toughness and strength between 

surface material and the ingot core ever attained 

in commercially available high temperature alloys. 


Mechanical properties at both room and elevated temperatures 
are also more consistent than in conventionally made alloys. When 
you specify MEL-TROL alloys, you're specifying—and insuring— 
the best performance you can put into high temperature parts. 
The Carpenter Steel Company, 135 W. Bern Street, Reading, Pa. 


The Carpenter Steel Company 

Main Office and Mills, Reading, Pa. 

Alloy Tube Division, Union, N. J. 

Webb Wire Division, New Brunswick, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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ALLOY PRODUCTS CORP. 


1070 Perkins Avenue 
Waukesha, Wisconsin 


For more information, Circle No. 473 


three wholly-owned Neptune sub- 
sidiaries—Revere Corp. of America, 
Electronic Signal Co., and Hot Spot 
Detector, Inc. 


Melpar, Inc., a subsidiary of West- 
inghouse Air Brake Co., has con- 
structed a new 60,000-sq ft plant 
near Washington, D. C. 


Hesse-Eastern, a division of Flightex 
Fabrics, Inc., has moved to new 
quarters at 210 Broadway, Everett 
49, Mass. 


Acme Stamping and Mfg. Co. has 
acquired the wire forming facilities 
ot Townsent Co., New Brighton, Pa. 


Fluid Regulators Inc. has completed 
an expansion program at its Paines- 
ville, Ohio engineering offices and 
experimental laboratory. 


Zero Mfg. Co. has acquired 95% of 
the stock of White Aircraft Corp. of 
Palmer, Mass. 


Holgate Brothers Co. has acquired 
Nosco Plastics, Inc., Erie, Pa. 


Battelle Memorial Institute will con- 
struct a new laboratory designed to 
study plutonium. 


U. S. Chemical Milling Corp. has 
formed an Electronics Div. for the 
design and production of printed cir- 
cuit boards and chemically blanked 
parts. 


Koehring Co., Milwaukee, has ac- 
quired Cast-Master, Inc., Bedford, 
Ohio. 


Nopco Chemical Co.’s Plastics Div. 
will triple its North Arlington, N. J., 
plant facilities. 


Superweld Corp., North Hollywood, 
Calif., has acquired all outstanding 
stock of Western Carbide Corp. 


Tracerlab, Inc., has dedicated a new 
laborate:y addition to its Reactor 
Monitoring Center in Richmond, 
Calif. 

Zero-Max Co. is a newly-formed sub- 
sidiary of Revco Inc., located at 1900 
Lyndale Ave. S., Minneapolis 5. 


International Resistance Co. has con- 
solidated its Asheville and Boone, 
N. C., plants to form a North Caro- 
lina Div. 

Combustion Engineering, Inc., has 
acquired General Nuclear Engineer- 
ing Corp. 


Techline Div., Wheelabrator Corp., 
has opened a new chemical labora- 
tory at its Vicksburg, Mich., plant. 


Haveg Industries, Inc.’s Pla-Tank 
Div. has added new plant facilities 
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IT'S THE FINISH 
THAT COUNTS 








(N TUBING 700! 


TESTS PROVE PRECISION 
FINISH UNSURPASSED 


Shape, size, alloy are important in 
tubing and Precision Tubing excels in 
all . . . but finish is an outstanding 
quality of Precision Tubing where spe- 
cified . . . and at no extra cost. 

Precision Tubing is available in clean, 
scratch-free finishes suitable for an- 
odizing or plating to mirror finishes. 
In sizes from .010” to 1.125” O.D. in 
copper, brass, aluminum, up to %%” 
O.D. in nickel and nickel alloys. 

Other Precision Tubing is available 
in straight lengths, coils, preformed to 
specified shapes . . . and also as 
Coaxitube the metal shielded coaxial 
conductor. Whatever your designs or 
requirements for fine accurate tubing 
at regular tube prices order Precision 
Tubing. Write for complete technical 
data to Dept. 10, Precision Tube Com- 
pany, Inc., North Wales, Pa. 


DATA CATALOG... 


GET THIS NEW i 
FREE! 


Tire 
TUBE 


COMPANY 


For more information, circle No. 399 
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NEW 


Twenty percent more strength at 1200°F from this 
turbine disc gave added dependability for a West- 
inghouse customer using W-545. This new high- 
temperature alloy will withstand higher stress levels 
than similar alloys at the same operating tempera- 
tures... or it will withstand equivalent stress char- 
acteristics at 100°F higher operating temperatures. 

Critical high-temperature parts can be made from 
this material that have excellent strength-to-weight 
ratios and can be used at temperatures up to 1350°F 

. . excellent characteristics at —300°F. 

W-545 has proven itself superior for turbine wheels 
. . . compressor discs and shafts . . . combustion 
chambers . . . housings and skin materials. W-545 is 
nonmagnetic and has a low strategic alloy content, 














W-545 STRESS RUPTURE 


STRENGTH vs. TEMPERATURE 








STRENGTH -1000 PSI 
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W-545 TENSILE PROPERTIES vs. TEMPERATURE 


HIGH-TEMPERATURE ALLOY 


W-545 HAS 20% MORE STRENGTH 


.. rings 
supports 


permitting ease of fabrication for fasteners . 

. Spacers... fittings... brackets... 
and mounts. 

The Westinghouse Metals Plant can furnish strip, 
sheet, bar, forgings and forging stock in W-545 and 
other wrought high-temperature alloys. Get all the 
information today; write: Westinghouse Electric Cor- 
poration, Materials Manufacturing Department, 
Blairsville, Pennsylvania. J-08010 


you CAN BE SURE...IF ITS 
Westinghouse 


we " 


For more information, turn to Reader Service card, circle No. 508 
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TAP-LOK* 


threaded insert... 
taps its own threads... 
locks itself in... 

in ONE OPERATION 


With Tap-Lok inserts you get long 
thread life in wood, plastic, alumi- 
num or other soft materials, as well 
as in harder materials where thread 
wear is a problem. Tap-Loks cut their 
own threads and, because they force 
their way into the parent material, 
they lock themselves in permanently. 
Only one operation is needed, making 
Tap-Lox’s initial cost the only cost 

thus their installed cost is lower 
than that of any other threaded insert. 

Tap-LoK inserts are available for 
any material, any application. For 
free samples and catalog, write today. 


Slotted: Full V-form 
/ external threads provide 

maximum locking torque; 

permit wide choice of 

mating hole sizes 
Recommended for soft aluminum, zinc die 
castings, sand castings, plastics. Class 2B 
internal thread MIL-MS 35914 


H-Series: — A heavy walled 

insert with truncated 

root external thread and 

three-hole cutting edges 

for hard-to-tap higher- 
strength materials and to meet MIL and other 
specs calling for Class 3B thread fit for 
gaging after installation 


W-Series: —Coarse-pitch 

external thread offers 

maximum strength; 

permits installation in 

small wooden sections 
without splitting. For furniture, cabinets and 
other wooden parts where stong, permanent 
threads are required 
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(4 CORPORATION 


¥ 1132 Hendricks Causeway, Ridgefield, N. J. 3 


. 


ee ee 


For more information, circle No. 403 


Another fastener development from — Fy 


' TAP-LOK /croov-pn | 


at Warren, Mass., for the manufac- 
ture of large polyester-glass chem- 
ical process equipment. 


H. K. Porter Co., Inc., has formed a 
new division which will be known as 
Mouldings Div. 

Picker X-Ray Corp.’s New York City 
office has been moved to 75 Varick 
St. 


Societies 


Gray Iron Founders’ Society, Inc. 
is again holding its annual Design 
Contest, the purpose of which is 
“to give due recognition to design- 
ers, engineers and buyers of gray 
iron castings.” Deadline for contest 
entries is June 30. 


Welding Research Council’s High Al- 
loys Committee is currently conduct- 
ing an extensive study of the inter- 
granular corrosion of austenitic 
stainless steels and is searching for 
suitable industrial exposure sites 
for use in this program. Those in- 
terested in participating in the pro- 
gram should write to R. M. Fuller, 
International Nickel Co., Inc., 67 
Wall St., New York 5, N. Y. 


Institute of Printed Circuits has 
elected the following 1959 officers: 
president—W. J. McGinley, Methode 
Mfg. Corp.; vice president—R. G. 
Zens, Printed Electronics Corp.; 
and treasurer—R. L. Swiggett, 
Photocircuits Corp. Directors are: 
K. W. Clayton, Tingstol Co.; R. C. 
Rennie, Bureau of Engraving, Inc.; 
P. P. Pellegrino, Photo Color Proc- 
ess Corp.; and Charles Sabel, Preci- 
sion Circuits, Inc. 


American Foundrymen’s Society has 
elected the following officers: presi- 
dent—Charles E. Nelson, Dow 
Chemical Co.; and vice president— 
Norman J. Dunbeck, Internationa! 
Minerals and Chemical Corp. Na- 
tional directors are: Norman N. 
Amrhein, Federal Malleable Co., 
Cecil N. King, Chrysler Corp.; Rob- 
ert E. Mittlestead, Akron Standard 
Mold Co.; A. J. Moore, Canadian 
Bronze Co., Ltd.; William H. Oliver, 
American Radiator & Standard San- 
itary Corp.; James N. Wessel, Puget 
Sound Naval Shipyard; and Donald 
L. Colwell, Apex Smelting Co. The 
following have received annual 
awards: Gold Medal Awards—How- 
ard W. Lownie, Jr., Battelle Me- 
morial Institute; John A. Rassen- 
foss, American Steel Foundries; and 
Fred J. Walls, Engineering Castings, 
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* Also Tempil® Pellets 
and Tempilaq® (liquid form) 


Tempilstik’°_. simple 
and accurate means of 
determining preheating and 
stress relieving temperatures in 
welding operations. Widely used 
in all heat treating—as well 
as in hundreds of other 
heat-dependent processes in 
industry. Available in 80 
different temperature ratings 
from 113°F to 2500°F... 
$2.00 each. 


Send for free sample Tempil ° 
Pellets. State temperature desired 
... Sorry, no sample Tempilstiks ‘ 


Most industrial and welding 
supply houses carry Tempilstiks ° 

. . if yours does not, write for 
information to: 


INDUSTRIAL DIVISION 


Tempil ‘CORPORATION 


132 West 22nd St., New York 11, N. Y 


For more information, circle No. 468 











Among the many 
PRE-KLAD applications 


Gasoline Engines 

Gas Turbine Engines 

Steam Turbines 

Heated Mechanical 
Equipment 

Domestic and Industrial 
Furnaces 

Stress Relieving Blankets 

Ingot Pads 

Heated Laboratory 
Equipment 

Diesel Engines, Manifolds, 
Turbochargers 

Home Incinerators, 
and other Hot Appliances 

Portable Heat Retention 
Equipment 

Turbogenerators 

Materials Handling 
Equipment 

Gear Housings 

Removable Casting and 
Forging Covers 

Furnace Nozzle Cones 








Johns-Manville Pre-KLAp insula- 
tions are made possible through the 
company’s extensive experience in 
fabrication and forming of thin foils. 


nel construction, close 








This typical Pre-KLAD insulated housing features 
combination of molded parts, strengthened chan- 
tolerance cut-outs to 
accommodate fittings and attachments. 


Pre-KLAp as used by diesel 
engine manufacturers. Here, 
J-M engineers worked with 
customer's engineers to develop 
insulated blankets that readily 
slip over turbochargers to pro- 
tect personnel and keep engine 








room temperature down. 





with Johns-Manville PRE-KLAD Insulation! 


New refractory fiber insulation is factory 
sheathed in heat-resistant foils to any re- 
quired shape . . . temperatures to 2000F! 


In new PRE-KLAD insulation, designers 
have an insulation that’s right in step with 
efficient assembly line methods. For Pre- 
KLAD components arrive at your plant ready 
to install... in one fast operation! 


Originally developed for jet aircraft .. . 
PrRE-KLAD insulations are precision engi- 
neered to solve individual heat retention 
problems. Johns- Manville tool engineers cre- 
ate the special molds and dies to form the 
stainless steel or other thin foils into the 
shape you require. Then, refractory felt 


insulation is expertly sandwiched between 
inner and outer foil jackets, which are then 
spot- or seam-welded into a ready-to-install 
housing or blanket. The result is an insulat- 
ing component that can be used wherever 
a strong, lightweight foil-protected insula- 
tion is indicated. 


The insulation in Pre-KLAD is Johns- 
Manville CERAFELT® . . . a refractory fiber 
insulation that is produced by converting 
molten refractory materials into a mass of 
uniform ceramic fibers. The fine CERAFELT 
fibers are then felted with a minimum of 
binder to form an insulating material that 
combines lightness, heat resistance and an 
extremely low k factor. 


Write today for the informative new brochure on PRE-KLAD insulations. 
Address Johns-Manville, Box 14, New York 16, N. Y. In Canada, Port Credit, Ont. 


JOHNS MANVILLE 


JOHNS-Manvitce JY} 





PRODUCTS 
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No. 2 of a series 


Eastman 910 Adhesive 
solves another 
production bottleneck 


Universal Transistor Products Corp., 
Westbury, New York, makes a direct- 
reading precision radiation monitoring 
instrument, called a dosimeter. 

Assembly of the pocket instrument 
requires careful attachment of the 
sensing element, an extremely delicate 
quartz fiber, to two pips on a fine alu- 
minum wire 

This seemingly difficult operation is 
handled on a production-line basis 
with speed and simplicity by properly 
positioning the fiber, which is tempo- 
rarily held in a Y-shaped support, and 
then cementing it to each pip with a 
drop of Eastman 910 Adhesive. 

In less than one minute, the bond is 
formed 

Eastman 910 Adhesive is making 
possible faster, more economical as- 
sembly-line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting is 
important, or where design require- 
ments involve joining small surfaces, 
complex mechanical fasteners or heat- 
sensitive elements. 

Eastman 910 Adhesive is simple to 
use. No mixing, heat or pressure is re- 
quired. Upon spreading into a thin film 


between two surfaces, setting begins 


immediately. With most materials, 

strong bonds are made in minutes. 
What production or design problem 

can this unique adhesive solve for you? 


Bonds Almost instantly 
.-. Without Heat, 
Pressure or Catalyst 


For a trial quantity (Ys-ounce) send five 
dollars to Armstrong Cork Company, In- 
dustrial Adhesives Division, 9106 Dunbar 
Street, Lancaster, Pa., or to Eastman 
Chemical Products, Inc., Chemical Divi- 
sion, Dept. E-6, Kingsport, Tenn. 


For more information, circle No. 483 





1 Pe OF INDUSTRY 


Inc.; Scientific Merit Awards — 
Robert H. Mooney, General Motors 
Corp.; Howard H. Wilder, Va- 
nadium Corp. of America; and Elmer 
C. Zirzow, Werner G. Smith, Inc.; 
and Service Citation Awards — 
James R. Allan, Allan Industries, 
Inc.; Bernard D. Claffey, Dayton 
Malleable Iron Co.; and Roy W. 
Schroeder, University of Illinois. 


Meetings 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, semi-annual meeting. St. 
Louis, Mo. June 14-18, 


AMERICAN ELECTROPLATERS’ SOCIETY, 
golden jubilee convention and inter- 
national exposition. Detroit. June 
15-19. 

AMERICAN SOCIETY FOR TESTING Ma- 
TERIALS, 62nd annual meeting. At- 
lantic City, N.J. June 21-26. 


PowpER METALLURGY PARTS MFRS. 
ASSN., membership and directors 
Skytop Lodge, Pocono 


Mountains, Pa. June 22-23. 


meeting. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, Summer general meeting. 
Seattle. June 22-26. 

DENVER RESEARCH INSTITUTE, Metal- 
lurgy Div., 8th annual conference on 
applications of x-ray analysis. Estes 
Park, Colo. Aug 12-14. 

INSTITUTE OF RADIO ENGINEERS AND 
WESTERN ELECTRONICS MFRS. ASSN., 
1959 Western electronic show and 
convention. San Francisco. Aug 18- 
21. 

METALLURGICAL SocieTy, American 
Institute of Mining, Metallurgical, 
and Petroleum Engineers, conference 
on properties of elemental and com- 
pound semiconductors. Boston. Aug 
31-Sept 2 

SOCIETY OF THE PLASTICS INDUSTRY, 
INc., Midwest Section conference. 
French Lick, Ind. Sept 10-11. 
AMERICAN CHEMICAL SOCIETY, 136th 
national meeting. Atlantic City, N.J. 
Sept 13-18. 

STEEL FOUNDERS’ SOCIETY OF AMER- 
IcA, 57th fall meeting. Hot Springs, 
Va. Sept 21-22. 

PORCELAIN ENAMEL INSTITUTE, annu- 
al meeting. White Sulphur Springs, 
W. Va. Sept 24-26. 

AMERICAN WELDING Society, fall 
meeting. Detroit, Sept 28-Oct 1. 
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REINHOLD BOOKS 


On Management Science 


LABOR-MANAGEMENT 
RELATIONS 
by CHARLES WIEDEMANN, 
Management Consultant 
The critical problems involved in em- 
ployee-employer relations and methcds 
for their solution are the major subjects 
here. The book presents new methods for 
management administration and policy 
in the non-union as well as the unionized 
business operation. 1959, $3.75 


FRINGE BENEFITS 

by F. M. WISTERT, 

Director of Industrial Relations, 

The Electric Auto-Lite Company 
A critical study of ever-growing fringes 
including the points of view of the in- 
| terested parties—employers, unions, em- 
ployees and beneficiaries. The author 
also analyzes the cost of fringe benefits, 
evaluates their social and economic im- 
pact, and discusses their probable devel- 
opment in the future. 1959, $3.75 


WORK MEASUREMENT 

by VIRGIL H. ROTROFF, 

The George Elliott Co., Inc. 
A clear, thorough coverage of work meas- 
urement that acquaints management with 
its benefits and procedures. Stresses the 
need for better planning of programs,and 
explains how this is achieved. 1959, $4.85 


STATISTICAL QUALITY 
CONTROL: An Introduction 
for Management 

by D. H. W. ALLAN, 

American Iron and Steel Institute 
Here are complete answers for manage- 
ment personnel on quality control: What 
it is, what it will do, how much it costs, 
and who does it. 1959, $3.50 


CREATIVE THINKING 

by CHARLES S. WHITING, 

Market Planning Corporation, 

an affiliate of McCann-Erickson, Inc. 
“Intelligently, clearly, it analyzes the 
subject. Probably executives who believe 
| they need this book the least need it the 
| most.”—THE IRON AGE. 1958, $3.95 


‘OPERATIONS RESEARCH 
‘FOR INDUSTRIAL 
‘MANAGEMENT 

| by D. N. CHORAFAS, 

| IBM World Trade Corporation 

|A detailed explanation of how simula- 
tion studies and computers are used in 
executive decision making. The material 
| is presented as simply as possible so that 
|those who are not mathematicians will 
| be able to understand the import of the 
|theories discussed. 1958, $8.75 


Send today 


for on-approval copies 


REINHOLD PUBLISHING CORPORATION 


Dept. M-465, 430 Park Avenue 
New York 22, N. Y. 


For more information, circle No. 458 
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Trust your 


to this... J 


pioneer converter 


Corporations use Johnston & Funk as an extension 
of their own development facilities — as a fast, 
highly reliable converter of reactive metals, super 
alloys, special steel and non-ferrous alloys. 
Under close, constant supervision by trained metal- 
lurgists, J&F will break down your ingots into 
billets, wire, small diameter bars, rod, narrow strip, 
foil, special shapes. Services also include straighten- 
ing, winding, grinding, cutting, vacuum annealing 
and pickling. 
As a pioneer converter and producer of commercial 
and research grades, J&F offers you fast, flexible 
service, a degree of quality unobtainable from con- 
ventional sources. Write for facilities brochure 
and prices, or arrange to meet one of our 
metallurgists. 


Johnston & Funk 


METALLURGICAL CORPORATION 


Special Metals 


WEST KEMROW AVENUE, WOOSTER, OHIO 


A subsidiary of Mallory-Sharon Metals Corporation 


1DYAWW Pate) OL Ole 


does the job better 


mpare the prints from 


your present pencil and 


Mele) anielanelae) (clamilaiss 


uneven line edges. You will 


ygree that Damascus gives you sharper 


blacker prints—as good as your drawings. 
ss beautifully on MYLAR. 


free yaa) elie of Damascus 
pencils. Or 


Your Blueprinter. 


Richard Best 


Pencil Company 


Springfield, New Jersey 
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SILICONE 


RUBBER SEALS, PARTS, COMPONENTS 





PROFIT from GRC's advanced techniques in 
COMPOUNDING * MOLDING 
LATHE CUTTING * BONDING-TO-METAL 


Goshen-developed silicone rubber compounds assure 
parts with properties like these: 


e Resistance to temperature extremes of —80°F to 
+ 500°F. 


e Resiliency over a range of —120°F to -+-600°F. 
e Low compression set. 


e Resistance to chemicals, oxidation, ozone, moisture, 
corrosion, shock, abrasion. 


e Freedom from stain, odor, tackiness and toxicity. 


To learn for yourself why more and more design 
engineers “Go Goshen” for silicone rubber parts, 
write, wire or phone. 





3169 S. TENTH ST. GOSHEN, INDIANA 


For more information, turn to Reader Service card, circle No. 454 
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DISCOVER 
THE DIFFERENCE IN DENFLEX® 


Plastisols and Primers 


LASTS AS LONG 
AS YOUR PRODUCT 


DENFLEX PRIMERS* bond 
DENFLEX PLASTISOL to metal, 
glass or ceramics... to create a 

rugged, handsome surface that is 
practically “welded” to your product. 


A DENFLEX PLASTISOL finish resists chemicals, 
electricity, heat, cold, abra- 


sion, corrosion, bending, 
twisting, torturing... it lasts. 
Write today for coated samples 
*Pat. and data sheets. 
DENNIS CHEMICALCO. —.. 0 
2707 Papin St. * St.Louis 3, Mo. 


Member Viny! Dispersions Division, S.P.1. 


WHITELIGHT 

more than doubled normal 
limit of tongue ratio’, getting 
7 to 1 on this thin gauge 
aircraft extrusion (illus. left) 
in ZK60A Alloy. 


*(height of tongue/width —b/e 
b—3" e—.44" d—} /16" §—90") 


see 


WHITE METAL 


for your complex 
NAGNESIUM ALLOY 


EXTRUSIONS 


! 
! 
| 
WHITE METAL . . . and WHITE METAL alone . . . has the engineering 
experience and integrated magnesium facilities to turn many “impos- ! 
sible’ designs into reliable, spec-meeting extrusions . . . at lower cost. ' 
Versatile WHITELIGHT magnesium gives you a virtually unlimited ; 
choice: any length, ony shape, any alloy, any finish. ! 
1 

1 

1 


Send for FREE, fact- 
filled brochure on 
properties, uses, etc. 
of WHITELIGHT 
MAGNESIUM 


Cail on our Soles Engineers for help in solving your complex shape 

problems. No obligation, 

of course. WRITE, WIRE 

OR PHONE TODAY! ava’ HITE METAL ROLLING & STAMPING CORP. 
‘ 102 Moultrie St., Brooklyn, N. Y. © Phone: EV 9-4134 


Plants: Warsaw, Ind. & Brooklyn, N.Y. ® Warehouse: 6601 Telegraph Rd., Los Angeles 22, Calif. 
One of the World's Largest Producers of Magnesium Alloy Mill & Finished Products 
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Books 


Materials for Rockets and Mis- 
siles. Robert G. Frank and William 
F’. Zimmerman. Macmillan Co., New 
York. 1959. Cloth, 5 by 7 in., 144 
pp. Price $4.50 

Presents engineering data on light- 
weight, heat resistant materials for 
rockets and missiles. Materials dis- 
cussed include iron, nickel and co- 
balt-base alloys; wrought and cast 
alloys of aluminum and magnesium; 
titanium alloys; cermets; molybde- 
num alloys; and ceramics. Materials 
are compared according to their 
chemical composition, heat resist- 
ance, physical properties and oxida- 
tion resistance. Information is also 
given on fabricating processes, in- 
cluding high temperature brazing 
and ultrasonic machining. 


Modern Foundry Practice: 3rd Edition. 
Edited by E. D. Howard. Philosophical 
Library, Inc., New York. 1959. Cloth, 6 by 
9 in., 464 pp. Price $15 

Well illustrated with photos and diagrams, 
this British book discusses the melting, cast- 
ing and heat treatment of ferrous and non- 
ferrous metals. The book’s 13 chapters in- 
clude information on: spheroidal graphite 
east iron; pressure-cast aluminum pattern 
plates; shell molding; and epoxy resin pat- 
terns. 


Plastic Design in Steel. American Insti- 
tute of Steel Construction, Inc., New York. 
1959. Cloth, 8% by 11 in., 94 pp. Price $4 
Subjects covered in this book are: 1) plas- 
tic theory applied to bending, 2) method of 
analysis, 3) effect of axial load on bending 
resistance, 4) bracing requirements, 5) non- 
symmetrical sections, 6) haunched connec- 
tions, and 7) design of continuous beams, 
and single and multi-span rigid frames. 


Symposium on Effect of Ozone on Rub- 
ber. ASTM STP No. 229. American Society 
for Testing Materials, Philadelphia. 1958. 
Cloth, 6 by 9 in., 185 pp. Price $38.75 

Subjects of the nine papers given in this 
book include: reaction of ozone with rubber; 
ozone resistance of elastomeric vulcanizates; 
prevention of ozone attack on rubber by use 
of waxes; quantitative measurement of ozone 
cracking; chemical antiozonants and factors 
affecting their utility; and comparison of 
accelerated and natural tests for ozone re- 
sistance of elastomers. 


The Grinding Wheel: Revised Edition. 
Kenneth B. Lewis. Grinding Wheel Institute, 
Cleveland, Ohio. 1959. Cloth, 6 by 9 in., 582 
pp. Price $4.95 

Covers the grinding of ferrous and non- 
ferrous metals, ceramics, glass, marble and 
concrete. The book, thoroughly revised and 
up-dated by William F. Schleicher, contains 
a wealth of information on grinding wheels 
and grinding machines. 


Welding of Plastics. J. A. Newmann and 
F. J. Bockhoff. Reinhold Publishing Corp., 
New York. 1959. Cloth, 6 by 9 in., 287 pp. 
Price $7.25 

Discusses hot-gas, heated-tool and friction 
welding of plastics. Gives information on 
welding plastics film, thin sheet, ducting, 
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Cave ties 


in extruders 
said it couldn’t 
be done... 


GENERAL DID ITI 


The manufacturer of heaters wanted a hearth bottom — 
a fluted, gold-anodized aluminum extrusion. Specifications 
called for a 7”x.050” shape. Extruders with presses that 
take 8” diameter billets said it couldn’t be done because of 
the thinness, too great a reduction ratio. 
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G.E.I. engineers came up with the extrusion, on a 5” 
press! The shape is extruded half round, then straightened, 
notched and bent, holes punched, and finally gold-anodized. 







If you have a problem involving aluminum fabrication, 
finishing or extrusion, why not take it to General, pioneers 
in developing new uses for extruded aluminum. 


GENERAL EXTRUSIONS, INC. 


4040 LAKE PARK RD., YOUNGSTOWN, OHIO 


Mill Representatives at St. Louis, Detroit, Pittsburgh, 
Cincinnati, and Chattanooga 
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Consult your classified phone book under Aluminum Products 
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Bra re Warehouses 


MIAMI + PHILADELPHIA + GREENSBORO A a = WY, Y (3 L] 










NEWARK + PITTSBURGH - 
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SIZE 
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_. SAVES 43% fo BETTER 
PRE-PAINTING PROCESSES- 
REDESIGNING this pawl assembly to a one- 


piece stamping gave the customer exact dupli- for Quality Economy and 
cation plus lower cost. Formerly fabricated at Endurance Use 


$1.00 each, the first 100 stampings cost 57¢ 
PREP PRODUCTS 


each. The next 100 pieces will show a savings 
@ Yes, you will get better results with this 


of 95°;. 

superior line Whether it’s Phosphating, 
Conversion Coating, Metal Conditioning, 
Cleaning, Bonding or Rust Removing, we 
have the Prep Product and Process for your 
particular needs. 
Be Safe— Be sure! Write today. Give us 
details. We'll make recommendations 


Dayton RoGeErs | 
Manufacturing Company [i NEILSON CHEMICAL CO. 


sen ao ce. 2310 Gainsboro, Altentown, Penna 
Charlotte, North Cersine §=6 Detroit 20 (Ferndale), Michigan iréer, Onterie 


minates 3- pect <t 


























Got a fabrication problem? Chances are it 
can be solved with short-run stampings using 
the D-R method of utilizing temporary tooling. 
Send your print and/or sample, plus quantity, 
for prompt quotation. No obligation. 











MINNEAPOLIS 7X, MINNESOTA 
For more information, turn to Reader Service card, circle No. 416 For more information, turn to Reader Service card, circle No. 410 
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1. MECHANICAL DESIGN 
AND ANALYSIS 


By R. R. SLAYMAKER, Case Institute of Tech- 
nology. Strikes a sensible balance between 
analysis and design, using industrial case 
studies to drive home important points. 
These studies are actual design situations, 
not setups, to give practice in theory and 
analysis. In short, this is the word on de- 
sign, with creative problems added as an 
ideal refresher. 1959. 418 pages. $9.50 


2. HIGH TEMPERATURE 
MATERIALS 


Edited by R. F. HEHEMANN, Case Institute of 
Technology, and G. MERVIN AULT, Nat'l Aero- 
nautics and Space Administration. Sponsored 
by the AIMMPE. Leaders in the field sum- 
marize the knowledge and new develop- 
ments in high temperature materials. Re- 
search thoroughly reviewed. Includes: co- 
balt, nickel base alloys; cermets; inter- 


metallics; refractories; strengthening by 
dispersion of insoluble particles; vacuum 
melting; effects of testing; oxidation, 1959. 


544 pages. $17.50 


3. CERAMIC 
FABRICATION PROCESSES 


Edited by W. D. KINGERY, M.I.T. Covers tech- 
nical basis and current practices, showing 
links between principles and ceramic fabri- 
cation as an art. A Technology Press book, 
M.1.T. 1958. 235 pages. $9.50 


4. METALLURGY OF 
VANADIUM 


By WILLIAM ROSTOKER, Armour 


Foundation. Treats extraction, 


Research 
properties, 
processing, and serves as a reference for 
those looking for new materials on special 
projects. 1958. 185 pages. $8.50 


5. SCIENTIFIC RUSSIAN 


By GEORGE E. CONDOYANNIS. 1959. Approx. 
256 pages. Prob. $3.50 


DE 69 

| JOHN WILEY & SONS, Inc. } 
440-4TH AVENUE, NEW YORK 16, N.Y. 1 
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Send on approval the books circled 4 
above. Within 10 days of receipt I'll re- ! 
mit full price or return books postpaid. ; 
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City ... : 
[] Check here to save postage. Send J 
full amount with order, we pay post- # 
age. Same return privilege. ! 
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piping, self-supporting vessels and linings. 
Appendices give chemical resistance, service 
ratings, tradenames and heat resistance of 
weldable plastics, 


Introduction to Stress Analysis. Charles 
O. Harris. Macmillan Co., New York. 1959. 
Cloth, 6 by 9 in., 344 pp. Price $7.50 

Discusses factors which affect strength 
and deformation of materials; stress and 
strain; stress resultants in bars; torsion; 
flexural stress and deformation; stresses due 
to transverse forces on bars; buckling phe- 
nomena; superposition of stress patterns; 
elementary plasticity; properties of an area; 
and modern notions of dry friction. 


Adhesive Bonding of Reinforced Plastics. 
H. A. Perry. McGraw-Hill Book Co., New 
York. 1959. Cloth, 6 by 9 in., 286 pp. Price 
$8 

Covers the theory, design, production and 
testing of adhesive-bonded reinforced plas- 
tics assemblies. Discusses mechanics of ad- 
hesive joints, laminating resins and adhe- 
sives, rheology and general properties of 
adhesives, adhesive bonding processes and 
equipment, and quality control of adhesive 
bonds, 


Big Molecules. Sir Harry Melville. Mac- 
millan Co., New York. 1958. Cloth, 5 by 
in., 180 pp. Price $3.9 

Tells what big molecules are and how they 
are made into adhesives, fibers, plastics and 
polymers. Discusses the size, chemistry and 
fabrication of big molecules. 
Mechanical Design and Analysis. FR. R. 
Slaymaker. John Wiley & Sons, Inc., New 
York. 1959. Cloth, 6 by 9 in., 431 pp. Price 
$9 

Contains 21 case histories on problems 
encountered in machine design. Machine ele- 
ments include bearings, 
springs, bushings, shafts and bolts. Written 
as a textbook for a two-semester under- 
graduate course in machine design 


discussed gears, 


Reports 


Research Researcn HIGHLIGHTS OF THE 
NATIONAL Bureau or STANDARDS: ANNUAL 
Report. National Bureau of Standards. 1958. 
188 pp. Available from Superintendent of 
Documents, U. S. Government Printing Office. 
Washington 25, D. C. Price 45¢ (No. 226) 

Highlights research and development pro- 
grams for fiscal 1958 at the Bureau of 
Standards. Describes a wide range of scien- 
tific studies, laboratory experiments, instru- 
ment developments, technical publications, 
and research on heat resistant coatings and 
metals. 


Welded steel design Ains To EFFICIENT 
MACHINE DESIGN IN WeLpep Stee... Lincoln 
Electric Co., 22801 St. Clair Ave., Cleveland 
17, Ohio. Price $1 

The various chapters in this manual tell 
how to design fillet welds efficiently for 
strength and for horizontal shear due to 
bending. The manual also tells how to use 
steel efficiently to resist torsion and to mini- 
mize vibration. Information is given on 
simplified methods for redesigning cast bases 
and fiywheels. 


Fabricating beryllium SrructurAL EvA.Lu- 
ATION OF BERYLLIUM PrRopUCED BY SEVERAL 
Processes. B. B. Muvdi, Martin Co. June 
’58. 66 pp. Available from Office of Tech- 
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Details, ideas, sources 
for all fastening needs... 


FASTENERS 
a telalelelele). 4 


by JULIUS 
SOLED, P.E. 


Consulting 
Engineer 


NEW! 
OVER 900 
ILLUSTRATIONS! 


FASTENERS HANDBOOK provides ready, 
up-to-date answers to fastening prob- 
lems in all fields. Its pertinent data, 
hundreds of illustrations, and full page 


| descriptions supply you with detailed 
| information on currently available 
| fasteners. 


Here is a handbook in every sense of 


| the word. You can select the fastener 


you want because this comprehensive 


| book includes standard and proprietary 
| fasteners from all manufacturers. 


| Abounds in Profitable Features 
| FASTENERS HANDBOOK 


@ Brings to your attention the many cost-saving 
features of available, less-known fasteners. 
@ Presents complete fastener lines in particular 
fields and applications. Enables you to look 

at what's available before closing up. 

@ Makes possible the immediate location of every 
fastener described with name and address of 
supply source. 

@ Relates actual uses of fasteners in one indus- 
try to those of another, resulting in concrete 
examples of money-saving applications. 


FASTENERS HANDBOOK greatly facilitates 
the review of available information, the 
making of a valid selection, and contact- 
ing the sources of supply. It can be used 
by design engineers, patent attorneys, 
sales personnel, fastener distributors 
and jobbers—in fact, anyone who needs 
solid information on fasteners available 
for mechanical assembly. 


Everything in fasteners 

Rivets, Inserts, Screws, Bolts, Studs, Nuts, Washers, 

Retaining Rings, Pins, Nails, Metal Stitching, Quick 

Release Fasteners, Masonry Anchoring Devices, Hose 

Clamps, Manufacturers Directory. 

Send now for your ON-APPROVAL copy 
REINHOLD PUBLISHING CORPORATION 
Dept. M-470, 430 Park Ave., New York 22. N. Y. 
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Includes processes, properties, 
design and applications... 


WELDING 
OF PLASTICS 


by J. A. NEUMANN and F. J. BOCKHOFF 
American Agile Corporation, Bedford, Ohio 


Here is the only comprehensive treatment of all phases of 
this subject ranging from initial design procedures to final 
detailed fabrication methods. Various physical and chem- 
ical properties of individual plastics presently used for 
welded construction are completely covered with regard to 
their use in chemical and allied processing. All presently 
known techniques of welding are covered in detail and 
many step-by-step procedures with photographs are in- 
cluded. In addition, the book contains one of the most com- 
plete corrosion resistance tables yet published, plus a 
concise guide for the choice of an appropriate plastic con- 
struction material. An entire chapter is devoted solely to 
design considerations as they specifically affect welded 
construction. Testing and evaluation are also given sepa- 
rate treatment. 

The most recent welding materials, such as linear poly- 
ethylene, polypropylene, chlorinated polyethers, and the 
newer fluorocarbons are covered in detail. In addition, the 
newest welding techniques are presented in a complete, 
up-to-date manner. 


CONTENTS 


Introduction 

Hot-Gas Welding 

Basic Shapes and Forms 

Layout, Forming and 
Machining 

Heated-Tool Welding 

Friction Welding 

Welding Film and Thin 
Sheet 

Design Considerations 

Testing Methods 

Ducting and Piping 

Self-Supporting Vessels 

Linings 

Special Techniques and 
Applications 

Glossary of Terms 

Trade Names of Weldable 
Plastics 

Chemical Resistance of 
Some Weldable 
Thermoplastics 

Service Ratings and 
Temperatures 
Weldable Plastics 


Examine It Free for 10 Days 
MAIL THIS COUPON NOW! 
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a 
Our experts | 
in the 
Industrial 
Division 
will cut FELT to fit your specifications! 
*Available in Wool Felts or new Synthetic Fiber Felts — all 
weights, widths, colors, etc. — 
and made to S.A.E. and 
Federal Gov't. Specifications . . . 
Large diversified inventory 
insures prompt delivery! 


Send for free folder of 
samples and applications 
} of Industrial Felt. 
Write for Booklet H-3. 


CONTINENTAL EF Ex COMPANY. 1:0: 


Ww TREET NEW 















Silicone 
Rubber 
Solves 
Design 

Problems 






WILBOW silicone rubber 
pressure strips stay resili- 
ent up to 550° in this 
Campbell Automatic 
Wrapper sealing head. 









Campbell Wrapping Machines* are recognized as 
the most versatile in industry . . . thanks largely toa 
heat sealing head that assures proper sealing pressure 
and temperature regardless of folds and variations in 
thickness of wrapper stock. WILBOW helped de- 
velop and supplies the precision silicone rubber pres- 
sure strip inserts that make this possible. 

WILBOW specializes in the development of 
molded rubber parts to meet specific design require- 
ments and puts a full line of the newest synthetic, 


natural and silicone polymers at your service. Ask 
for our catalog to check the wide range of possibilities, 
* Manufactured by the Hudson-Sharp 
Machine Co. of Green Bay, Wisconsin, 
a subsidiary of Food Machinery and 
The WILLIAMS-BOWMAN RUBBER Co. 
1949 South 54th Avenue * Cicero 50, Illinois * (Chicago Suburb) 
Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro- 








Write today. 
Chemical Corporation. 
ducing rubber covered rolls, silicone rubber paris and donding rubber to metal 


For more information, turn to Reader Service card, circle No. 365 
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Employment Opportunities 


LOCKHEEDS 


New Multi-Million Dollar 


RESEARCH CENTER 


® This project—destined to rank with the world's largest and most 
advanced Research Centers—represents not only substantial faith but a 
substantial investment in the future of space flight. 


@ The new Center, now under construction near Los Angeies, will 
provide facilities for: Exploration of complex technological space require- 
ments; scientific latitude and freedom; ideal environment for research; 
and the most modern laboratory tools available. Qualified scientists and 
engineers will find here ground-floor opportunities for extending man's 
knowledge beyond the present state of the art. 


® On completion, most of Lockheed's California Division's research 
facilities will be located in this single area. The Center will provide ad- 
vanced research facilities in all fields related to atmospheric and space 
flight including: Propulsion, physiology, aerodynamics and space dynam- 
ics; advanced electronics in microwave propagation and infrared; acous- 
tics; mechanical and chemical engineering and plasma/magnetohydro- 
dynamics; thermal electricity; optics; data communications; test and 
servomechanisms. 
+) Top-level scientists and engineers are invited to investigate outstand- 
ing career opportunities for your future in the new Lockheed Research 
Center. There are openings now for qualified personnel in: Electronics; 
aero and thermo dynamics; propulsion; servomechanisms; materials 
and processes; structures and stress; operations research; research 
in optics, infrared, acoustics, magnetohydrodynamics, instrumentation, 
mechanics and hydraulics; mathematics; and in all phases of design. 
Please direct your inquiry to: Mr. E. W. Des Lauriers, Manager Profes- 
sional Placement Staff, Dept. 2206, 2400 N. Hollywood Way, Burbank, Calif. 


LOCKHEED 


CALIFORNIA DIVISION 


BURBANK, CALIFORNIA 
For more information, turn to Reader Service card, circle No. 469 
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nical Services, Dept. of Commerce, Washing- 
ton 25, D. C. Price $2 (PB 151263) 

This evaluation of five powder metallurgy 
methods for fabricating beryllium showed 
that cold compacting followed by upsetting 
produces plate or sheet with optimum prop- 
erties. The process yielded the best combi- 
nation of uniaxial and biaxial properties, 
gave a comparatively good surface finish, 
and was relatively simple and economical. 
Tests also indicated that the material was 
capable of appreciable plastic deformation 
before fracture. 


Plastic deformation of aluminum Srupy 
or P.tastic DEFORMATION IN BINARY ALU- 
MINUM ALLoys BY INTERNAL-FRICTION METH- 
ops. E. C. Olson, R. E. Maringer, L. L. 
Marsh and G. K. Manning, Battelle Memorial 
Institute. Mar °59. 31 pp. Available from 
National Aeronautics and Space Administra- 
tion, Washington, D. C. (No. 3-3-59W) 

Study of the damping capacity of several 
aluminum-copper alloys during tensile elonga- 
tion. Tests show that damping depends on 
strain rate, temperature, alloy content and 
heat treatment, 


Wear of metal surfaces RESEARCH AND 
DEVELOPMENT ON DETERMINATION OF Co- 
EFFICIENTS OF FRICTION BETWEEN Dry ME- 
TALLIC SurFAcEsS. E, W. Gaylord and H. 
Shu, Carnegie Institute of Technology. Oct 
"57. 49 pp. Available from Office of Tech- 
nical Services, Dept. of Commerce, Washing- 
ton 25, D. C. Price $1.50 (PB 131943) 

Study to determine coefficients of static 
friction between dry metallic surfaces under 
high normal pressures, and coefficients of 
kinetic friction under high normal pressures 
and sliding velocities. Tested were steel 
rubbing on steel, titanium on steel, uranium 
on uranium, titanium on uranium, bervilium 
on uranium, and beryllium on titanium. 


Heat resistant paints Heat AND ABRASION 
ResIstANT PAINts FoR Rocket LAUNCHERS. 
Rock Island Arsenal. Aug "57. 19 pp. Avail- 
able from Office of Technical S-rvices, Dept. 
of Commerce, Washington 25, D. C. Price 
75¢ (PB 131543) 

Results of a study show ceramic coatings 
are superior to other types of coatings tested 
for resistance to rocket blast flame and sand 
abrasion. The test materials includel ce- 
ramic, silicone, dibutyl titanate, epox» and 
TFE coatings. 


Cobalt-base alloys PrrrorMANce oF Two 
Boron-Moopiriep S-816 ALLOYS IN A TURSOJET 
ENGINE OPERATED AT 1650 F. Williem J. 
Waters, Robert A. Signorelli and James R. 
Johnston, Lewis Research Center. Mar °59. 
30 pp. Available from National Aeronautics 
and Space Administration, Washington, D.C. 
(No, 3-8-59E) 

Stress-rupture, tensile and impact tests at 
1650 F and room temperature indicate that 
two boron-modified cobalt-base alloys have 
adequate physical properties; however, buck- 
ets made of the alloys failed after relatively 
short periods of engine operation. All bucket 
failures were caused by mechanical fatigue 
or impact damage. 


Electroforming copper parts FLecrro- 
FORMING OF LINEAR ACCELERATOR STRUCTURES. 
J. A. Pope, Stanford University. June '57. 
22 pp. Available from Office of Technical 
Services, Dept. of Commerce, Washington 
25, D. C. Price 75¢ (PB 131944 

Describes techniques and equipment used 
for electroforming copper linear accelerator 
structures. Electroforming permits baking 
the structure at high temperatures for out- 
gassing and sealing off the vacuum-tight 
accelerator tube. It also gives a stress-free 
final structure. 








Atomic Generator 


Qualities unique to lead help make 
headlines in papers throughout the 
world. On January 17, 1959, for in- 
stance, the front page of The New York 
Times featured the story of the then 
new 5-lb. atomic thermo-electric gen- 
erator acclaimed as a milestone in the 
development of power sources for in- 
struments carried in earth satellites. 
Elements in the generators are com- 
posed of lead telluride doped with other 
metals to provide needed character- 
istics. The new 5-lb. generator lasts 130 
days and produces 11,500 watt hours 
of power. In comparison, the earlier 
Atlas satellite gave out only 500 watt 
hours of total power for only 18 days. 





GENERAL DISPOSITION OF CAST LEAD 
ALLOY ANODES FITTED TO A DESTROYER 
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Lead Goes to Sea 
Lead alloy anodes for impressed cur- 
rent cathodization have also appeared 
in the recent news. They have been 
approved by Lloyd’s of London for the 
protection of ship hulls against corro- 
sion. Also actual sea trials on a Royal 
Canadian Navy destroyer have shown 
them to be superior to anodes of 


graphite, steel, platinum or galvanic 
magnesium for both economic and 
technological reasons. 


More Power—Longer 

Less dramatic but equally important 
is lead’s role in electrical powered in- 
dustrial trucks. For this rugged use, 
dependable electrical power is being 
supplied by lead-acid batteries, of new 
alloys and new design. Industrial 
trucks powered with these new bat- 
teries are carrying loads of 1,000 lb. to 
over 100,000 Ib., and to 30,000 Ib. up 
grades as much as 10 per cent, at 
speeds comparable to other types of 
powered trucks and with greater 
economy. 
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Beds of Lead 


Another value of lead — its vibration 
insulation properties — is uniquely 
handy for construction purposes. Lead- 
asbestos pads beneath 115 steel col- 
umns will cushion New York’s new 
Union Carbide skyscraper against vi- 
bration from railroad traffic running 
underneath it, in and out of Grand 
Central Station. The operating prin- 
ciple of the pads is their resistance to 
vibration waves as they pass from one 
substance to another. Lead was spec- 
ified for both its vibration-damping 








Rds 





properties and its corrosion resistance 
which assures the durability of the 
pads for the life of the building. The 
same principle is used to insulate many 
other buildings, like the Waldorf As- 
toria Hotel and more recently to shield 
Montreal’s Queen Elizabeth Hotel. 


Let There Be Light 

In some of tomorrow’s buildings, you'll 
be able to see — literally — a value of 
lead. Lead’s addition in small amounts 
to certain phosphors markedly in- 
creases their electroluminescence, the 
ability to emit light under electrical 
excitation. In paper-thin panels, these 
electrically excited phosphors can 
bathe a room in a soft, diffused light or 
perhaps illuminate the exterior walls 
of buildings. 


Research and Development 
Lead is currently the subject of vastly 
expanded research and development 
efforts, not only by the lead industry 
itself but by government, universities, 
research organizations and private 
companies. Its unique combination of 
properties makes it highly adaptable 
to modern technology as a metal, alloy 
or chemical compound. 


Investigations are under way in the 
continuous extrusion of lead alloy cable 
sheathing, gamma ray shielding, fiber 
reinforced lead, sound and vibration 
attenuation, new and improved alloys 
and many other areas of product 
development. 


If you are presently investigating new 
products or have product design prob- 
lems that need solution, why not let us 
provide you with detailed information 
about lead and available technical 
assistance. Write: Office of Technical 
Information, Lead Industries Associa- 
tion, 60 East 42nd Street, New York 17, 
New York. 2400 


look ahead with LEAD 


Lead industries Association 


60 East 42nd Street 


New York 17, N. Y. 
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Two New Additions to 


The REINHOLD PLASTICS APPLICATIONS SERIES 


1 SILICONES 


by ROBERT N. MEALS 
and FREDERICK M. LEWIS 


Silicone Products Department, 
General Electric Company 
1959, 304 pages, $5.95 


This book’s scope includes the manufacture, properties and 
applications of the silicones, with data on the properties of 
silicone resins, fluids and rubbers at high temperatures. It 
is aimed at design engineers, formulators and manufactur- 
ers in all industries who might have interest in silicones as 
chemicals, rubbers, resins, fluids, greases, adhesives and 
sealants. Here is a concentrated, readable summary of the 
technology and applications of silicones. 


Properties; Basic Chemistry of 
Other Polymers; Manufacture 


Fields; Future 


CONTENTS: 
Silicones and 
and Fabrication; 
Prospect 


Introduction; General 
of Combination with 
Applications of Silicones in Various 

the Broad Silicone 


Family of Polymers 


and don’t forget... 


f the S | cones and 


GUM PLASTICS 
by M. S. THOMPSON 


Naugatuck Chemical Division 


U. S. Rubber Company 
1958, 206 pages, $4.50 





2 LAMINATED 
PLASTICS 


by D. J. DUFFIN 


Editorial Consultant, _ 
Continental-Diamond Fibre 


1958, 264 pages, $5.75 


Here is a thorough survey of the manufacturing, fabrica- 
tion, and applications of high- and low-pressure laminates. 
It covers the various types and grades of raw materials 
and resins used; their physical characteristics; and in- 
cludes numerous tables of mechanical, chemical, and elec- 
trical properties as related to various kinds of industrial 
and consumer applications. The book is profusely illus- 
trated with photographs. The fact that the information 
and illustrations were compiled from a great number of 
sources with the cooperation of many manufacturers gives 
the book the broadest possible scope. The appendix features 
the most accurate and comprehensive list of laminated plas- 
tics manufacturers and trade names ever before offered. 


EPOXY RESINS 
by IRVING SKEIST 
Consultant 
Skeist & Schwarz Laboratories 
1958, 308 pages, $5.50 





VINYL RESINS 

by W. MAYO SMITH 

Director of Research and Development 
Escambia Chemical Corporation 


1958, 292 pages, $5.75 


CELLULOSICS 
by WALTER D. PAIST 
Celanese Corp. of America 


Newark, N. J. 
1958, 282 pages, $5.75 





FLUOROCARBONS 
by MERRIT A. RUDNER 
Enflo Corporation 
Maple Shade, N. J. 
1958, 248 pages, $5.75 


PLASTIC SHEET FORMING 
by ROBERT L. BUTZKO 
The Auto-Vac Company 
Bridgeport, Conn. 
1958, 192 pages, $4.50 





POLYAMIDE RESINS 

by DON E. FLOYD 

Chemical Applications Section 
General Mills, Inc., Minneapolis, Minn. 


1958, 240 pages, $4.50 
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POLYURETHANES 
by BERNARD DOMBROW 
Director of Laboratories, Plastics Division 
Nopco Chemical Co., North Arlington, N. J. 
1957, 186 pages, $4.50 





POLYETHYLENE 
by THEODORE O. J. KRESSER 
Technical Service Representative 
Spencer Chemcial Co., Kansas City, Mo. 
1957, 229 pages, $4.95 


MAIL THIS COUPON TODAY! 





REINHOLD PUBLISHING CORPORATION 
Dept. M-469, 430 Park Avenue, New York 22, N. Y. 


Send me the book(s) I have encircled below for 10 days’ 
FREE EXAMINATION. In 10 days, I will either return the 
book(s) and owe nothing, or will send you full price plus 
postage. 

I 2 

NAME 

ADDRESS 

CITY & ZONE 
SAVE MONEY! You 
ege; refund guaranteed 


save shipping charges by enclosing payment with order. 
Same return priv Please include 3% sales tax on 


N.Y.C. orders. Do not enclose cash! 
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DIE-CASTINGS — 


LARGE or 
SMALL- 


For more information, turn to Reader Service card, circle No. 470 


do jobs in 
& 
j ead of hours 
& ® 


DOLLIN Specialized equipment gets the most out of each! 


ee dae, BOLLIN has the most modern, high-speed 
type high-pressure machines, die-casting machines of every type and 
Large zinc casiings mode on large size, to produce = from the largest 
plunger type machines. commercial sizes down to fractions an 

inch. This specially-designed equipment 
wy pee Gostam, a with Dollin engineering, die-making, 
a As iabeesd frac D smn. foundry and ye facilities, offers 
More design latitude — high ou the ideal source for high-volume, 
accurocy — lower tool ond igh-quality die-castings, at the lowest 
piece costs. cost. 


Cerro (bismuth-lead-tin-cadmium) Alloys are extensively used 
in many* diversified industria! operations. Cerro Alloys melt at 
low temperatures and several tend to expand as they harden 
They are easy to work with, neat, strong, versatile, can be 
remelted and reused over and over again. Used in design and 
development work and to improve products and simplify proc- 
esses, these efficient, economical alloys save time, lower costs 
and increase profits. Various combinations of alloys are avail- 
able, many “custom-blended” to fit your exact needs. 


designs by iting Dollin engi %. 
To learn more about CERRO ALLOYS and their wide D '@) L Li Md Submit prints or samples for engineer 
range of applications, send for our new, illustrated ing advice or quotation. 
“HOW TO" (No. J4) booklet. 
® Zinc and Aluminum DOLLIN CORPORATION 


DIE-CASTINGS [i :, Widbabtahe 


@ Get the most out of your die-casting 





t T.M. Cerro de Pasco Corp. * 63 Applications at the latest count 


CERRO DE PASCO SALES CORPORATION 
312 Park Avenue, New York 22, N. Y. 











LEARN HOW 


SHAPED +, 
WIRE 


@ Shaped wire cuts costs 


& 








where it counts most—on 
—s stamping, rolling 
and machining for mold- 
ings, product trim or other 
fabrication. 


@ Available in a wide range 
of tempers, finishes and 
analyses in low and medium 
fow carbon steels—includ- 
ing #3 finish wire for 
electroplating 

@ From Continental you can 
obtain many cost cutting 
wire shapes—V-shaped, 
oval, square, rectangular, 
triangular, keystone-shaped 
and others. 


@ Continental Standard and Spe- 
cial Shaped Wire may be your 
short cut to lower costs, giving 
you a ready made molding, 
product trim or component that 
requires a minimum of further 
fabrication. Made under strict 
quality control, Continental wire 
customers get a better product 
and fewer rejects. Write for the 
complete story of Continental 
wire today. 


Wire Specialists For Over Half A Century 


CONTINENTAL 


STEE. CORPORATION « KOKOMO, IND. 


For more information, turn to Reader Service card, circle No. 409 





name your shape! 





The fabrication of precision parts of industrial ce- 
ramics is a specialized job...and STAR specializes 
in it! There is practically no limit to the variety of 
shapes we can turn out to meet your simple or 
intricate specifications precisely .. . economically. 
Select, too, from a wide variety of ceramic composi- 
tions. Sample, blueprint or sketch, with 

details of operation will bring you 

complete information. Write today. 


" STAR 


porcelain company, 34 Muirhead Avenue, Trenton 9, N.J. 
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Glass Fabrics, is specified for the 
new Douglas DC-8 Jetliner’s Palomar 
Unit-ized Seat Desk-Tray. 

This entirely new approach to airline writing desk- 
tray combinations is made of light weight Douglas 
“Aircomb” sandwich with skins of Trevarno Flame- 


Resistant Polyester-impregnated Glass Fabric. . . 
for easy and uniform fabrication PLUS flame 
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resistance! 


For information about how 
Trevarno Resin Pre-impreg 
nated Glass Fabric can help 


you solve your problems, write or 
call the District Office nearest you 
Los Angeles: 

635 S. Kenmore Street — DU 8-5260 
Dallas, Texas: 

4924 Greenville Ave 
In the Midwest: 
115 N. Main St., South Bend, Ind 
CE 3-1821 or write directly to 


Coast Manufacturing & Supply Co. 
P.O. Box 71, Livermore, California 


- EM 8-7871 


Here’s latest information on a 
phenomenal new structural material! 


FIBERGLAS 
REINFORCED 
PLASTICS 


Edited by 
RALPH H. SONNEBORN 


Technical Service Dept., 
Plastics Reinforcement Division, 
Owens-Corning Fiberglas Corporation 


1954, 250 pages, $4.50 


This valuable book offers the first 
complete treatment ever published on 
the subject of reinforced plastics, the 
amazing post-war structural material that has found its way 
into scores of new industries and products. 

Written for both design engineers and executives in the 
materials industries, the book covers in full detail the resins 
and glass reinforcements used in reinforced plastics, molding 
techniques, inspection and testing, properties, and design 
considerations. 

This important book will provide all those concerned with 
reinforced plastics—molders, materials suppliers, government 
agencies, engineers—with a wealth of information never be- 
fore available in a single volume. 


Order now for 10 days’ FREE EXAMINATION 
REINHOLD PUBLISHING CORPORATION 
Dept. M-468, 430 Park Avenue, New York 22, N. Y. 


For more information, turn to Reader Service card, circle No. 535 
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ALUMINUM and COPPER CASTINGS 


From Pattern 
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Parts by 
FRONTIER 


np 


COMPLETE 
RESPONSIBILITY 
IN ONE SUPPLIER 


Castings shown are typical of FRONTIER complete 
service to equipment builders. Certified chemical, 
physical and X-Ray tests, made in our own 
laboratory, can also be furnished if requested. 
Frontier is a complete, modern, non-ferrous 
foundry where castings often considered impos- 
sible become routine under the skillful direction of 


our foundrymen and metallurgists. 


Call in a Frontier Metallurgist at the design stage 
of any new product. You will find him of invalu- 
able aid not only in selecting alloys that will 
give the desired results, but in making design 
recommendations that will lead to better, more 
economical castings. Let us solve your non-ferrous 


casting problems. 


FRONTIER BRONZE CORP. 


4874 PACKARD ROAD @ NIAGARA FALLS, NEW YORK 


Exclusive Foreign Producers of 40-E 
Daralum Castings itd., Darlington, England 
Paul Bergsoe & Son, Glostrup, Denmark 
L‘Aluminum Francais, Paris, France 


For more information, turn to Reader Service card, circle No. 513 








Memo? 
TO: THE VALUE ANALYSIS COMMITTEE 


SUBJECT: Alloy Castings 


When evaluating alloy castings to make 
them better, less expensive, remember 
that Waukesha Foundry has a group of 
metals that offer many advantages: 


I. Waukesha Metal, a copper base, 
high nickel content, solid, white, 
corrosion-resistant alloy. 12 
Waukesha Metals are available to 
you...each recommended for specific 
applications depending upon the 
degree of corrosion-resistance, 
hardness, bearing or wearing 
qualities required. 


Stainless Steel Castings. Waukesha 
Stainless Steel is available in 3 
different groups: 


A. Martensitic--straight chromium 
hardenable. These steels can 
be used wherever maximum hard- 
ness is required. They are 
magnetic, weldable and machin- 
able. The addition of selenium 
or sulphur makes them free 
machining. 


Ferritic--straight chromium, 


non-hardenable. Good corrosion- 
resistance, can be used any- 
where exposed to atmosphere or 
water or for scale-resisting 
purposes. Magnetic, machinable 
the same as in group A. 


C. Austenitic--chromium, nickel, 
non-hardenable. Can be welded 
without subsequent heat treat- 
ment. The major percentage of 
castings poured by Waukesha 
Foundry are in this group. 
This group also contains the 
18-8 alloys, used in dairy, 
chemical and food industries 
for contact parts. 

















Write or fill in coupon below. 


[liukeoha FOUNDRY COMPANY 


5904 W. Lincoln Avenue © Waukesha, Wisconsin 


Gentlemen: Please send me a technical Bulletin on Waukesha Metal ond on 
Waukesha Stainless Steel Castings. 


NAME 
TITLE 
FIRM 
ADDRESS 
CITY, STATE 
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Now in the bands 


of all M IDE subscribers ... 


1958-1959 MATERIALS SELECTOR 


The year's biggest boon to those time-pressed engineers, 
designers, and other technical men who select and specify 
engineering materials, forms and finishes! This MATERI- 
ALS SELECTOR is more than 50 editorial pages bigger 


than last year’s edition. 


All editorial pages in the MATERIALS SELECTOR are in 
data sheet form to provide you with quick comparisons of 
properties and applications of hundreds of metals; non- 
metallics; forms and shapes; and finishes and coatings. 
Keep the SELECTOR on your desk for ready reference. 


You'll find it a real time saver. 


THE MATERIALS SELECTOR is available to Materials in 


Design Engineering subscribers only. It is not sold separately. 


Note to advertisers: Closing date for the 1960 MATERI- 
ALS SELECTOR is July 15, 1959. For further informa- 


tion, contact nearest representative listed on opposite page. 


MATERIALS IN DESIGN ENGINEERING 


A Reinhold Publication 


430 Park Avenue - New York 22, N. Y. 





Who’s First? 


If you have ever co-authored a technical paper 
or article with one or more other people, you are 
probably familiar with the sticky problems you 
can get into in composing the by-line. I have 
heard that in some cases more care and time is 
spent determining the order of mention of the 
authors than is spent writing the article itself. 

T. E. Connolly, in a recent issue of Perspective, 
the Cornell Aeronautical Laboratory house organ, 
tackles this whole problem, weighing the pros 
and cons of some methods commonly used to 
designate the primary, secondary, tertiary, etc., 
authors of professional papers. He says that The 
Alphabetical Arrangement Method is perhaps the 
oldest on record. However, it has many short- 
comings. The chief objection is that it is pre- 
judicial to individuals in the lower half of the 
alphabet. To overcome this objection, methods 
involving games of chance, such as drawing 
straws or cards, or flipping or matching coins, 
are often used. But all of these are subject to 
unfair manipulation and practices. 

Perhaps the most widely used system is the 
In-Order-of-Rank Method, in which the chief of 
the department always appears as senior author 
in the by-line. After him, all the other authors 
and anyone else involved (such as the office boy 
who mailed the manuscript) are listed in order 
of position. Needless to say, this method keeps 
controversy to a minimum. 

What is T. E. Connolly’s final recommendation 
on this problem of precedence of authorship? It 
is very: simple: he says always publish indi- 
vidually and only acknowledge the help of others 
when not to do so would result in a punch in 
the nose. 


One of Us Is Dead 

Although technical people are very fussy about 
by-lines, they usually exhibit great modesty in 
the body of their papers. They will go to any 
lengths to avoid the use of “I” or “we” in their 
writings. All sorts of strange circumlocutions 
resulting from this aversion to writing in the 
first person can be found in the technical litera- 
ture. Perhaps the classic example of all time 
is this footnote that appeared in an article by 
two authors: “Since this article was written, 
unfortunately one of us has died.” 
Operation Button Jar 


Almost every household has a button jar 
where you can go when you need a thumbtack, 
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a piece of string, a pair of tweezers or a stale 
piece of gum. Now, if things work out, there 
will be a button jar where universities will be 
able to pick up discarded, but still usable, odds 
and ends for their laboratories. 

As a public service endeavor, two men, H. M. 
Reese and H. E. Miller, in conjunction with Case 
Institute of Technology, have undertaken this 
unusual project which they named “Operation 
Button Jar.” They plan to gather discarded 
material and equipment from industry, reclassify 
it, and then distribute it to colleges. The range 
of odds and ends they are seeking covers every- 
thing from nuts and bolts to machine tools and 
testing equipment. Of course, the success of the 
project depends upon industry’s cooperation, and 
they hope companies will think of Operation 
Button Jar before they throw away such things 
as manufacturing rejects, used product samples 
or old plant equipment. 


What Is a Property? 

Everyone involved with engineering materials 
deals with properties of materials every day. 
And yet we seldom take the time to think about 
what we really mean when we speak of a property 
of a material. Actually, a property is only 
meaningful insofar as it stands for a specific 
test. Thus, the only true definition of a property 
is a description of the test by which it is 
obtained. 

In this issue John Campbell, our Managing 
Editor, has compiled a Glossary of Physical 
Properties and Tests (p 91) in which properties 
of materials are defined in this fundamental 
sense. It supplements his previous Glossary 
of Mechanical Properties and Tests (M/DE, July 
1954) which has been the biggest “best seller” 
on our reprint list ever since it was first pub- 


lished. 





Ameripol Rubber contributes to consistent quality of 
parts made by South Haven Rubber Company, South 
Haven, Michigan. 
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“Ameripol Rubber’s uniformity 


keeps up the flow of high-quality 
low-cost parts” y. 


These parts are typical of a variety of rubber products made by 
South Haven Rubber Company, principally for automotive use. 
In this high volume production, there’s a premium on using rubber 
raw material of the highest uniformity—to keep costs in line and 
make high quality as predictable as tomorrow morning. 

That’s why Ameripol Rubber fits the bill for this manufacturer. 
By constantly testing both uncured and cured samples throughout 
production, Goodrich-Gulf makes sure of uniformity and 
consistent properties. Continuing research means continuing 
upgrading in rubber quality and ease of processing. 

Reasons like these make Ameripol the preferred rubber. You'll fue pacrenned aussen 
prefer it in your production, too. For information call or write 
Goodrich-Gulf Chemicals, Inc., 3121 Euclid Avenue, Cleveland 
15, Ohio. 


GS Goodrich-Gulf Chemicals, Inc. 


For more information, turn to Reader Service card, circle No. 419 





NOW IN OPERATION ! 


New warehouse to make your Timken® 
graphitic tool steel and 52100 tubing 
shipments faster than ever 


wi you can get shipments with more speed than ever 
before because our new warehouse for Timken® 
graphitic tool steels and 52100 tubing has speed built in. 
Here’s how the new warehouse helps you: 


WITHIN 24 HOURS of the time we get your order, we can 
have the material on its way to you with the help of ultra- 
modern handling equipment and methods. 


FEWER DELAYS EN ROUTE. We built our new warehouse 
on main railroad and truck routes in Canton, Ohio, for 
faster shipping. 

ALWAYS A FULL STOCK. Moving steel to the warehouse 
now takes only minutes because mill and warehouse are 


SPECIALISTS 


side-by-side. This makes it easier to maintain full ware- 
house stocks. 


WIDE SELECTION OF STEELS. From the new warehouse, 
you can choose from over a hundred sizes of 52100 tubing 
and fifty sizes of 4620 tubing. Graph-Mo®, Graph-Air®, 
Graph-Tung®, and Graph-Al are available in more than 
one thousand sizes. You can get Graph-Mo in hot rolled 
bars, rounds, squares, precision ground flats, billets or 
hollow-bar. 

Now, more than ever, when you want these steels fast, 
phone or write your order to The Timken Roller Bearing 
Company, Steel and Tube Division, Canton 6, Ohio. 
Cable: ‘“TIMROSCO”’. Tapered Roller Bearings, Alloy 
Steels and Seamless Steel Tubing, Removable Rock Bits. 


IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 


For more information, turn to Reader Service card, circle No. 455 





